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PROCEEDINGS  OF  THE  NINETEENTH  ANNUAL  CONVENTION  OF  THE 
ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


KIRSTT  DAY. 

THUBSDAT— MOBNING  SESSION. 

The  nineteenth  annual  convention  of  the  Association  of  Official 
Agricultural  Chemists  was  called  to  order  by  President  H.  J.  Wheeler 
at  10  o'clock  on  the  morning  of  October  2,  1902,  in  the  lecture  hall  of 
the  Columbian  University.  The  following  members  and  visitors  were 
in  attendance  during  the  sessions  of  the  convention: 

MEMBEBS  AJSTD  VISITOBB  PRESENT. 

Allen,  Edwin  W.,  U.  S.  Department  of  Agriculture,  Waahington,  D.  C. 
Angelo,  Oliver  Perry,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Bache,  Arthur  Wilbur,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Barnard,  Harry  E.,  Chemist  State  Board  of  Health,  Concord,  N.  II. 

Beal,  W.  H.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Bigelow,  W.  D.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Bisbee,  Derward  B.,  City  Chemist,  7340  Bond  avenue,  Chicago,  111. 

Blouin,  Robert  E.,  Agricultural  Experiment  Station,  Audubon  Park,  New  Orleans,  I^. 

Boflworth,  Alfred  W.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 

Breazeale,  James  F.,  U.  S.  Department  of  Agriculture,  Washingt/on,  D.  (-. 

Brooke,  John  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Browne,  Charles  A.,  jr.,  Sugar  Experiment  Station,  Audubon  Park,  New  Orleans, 

La. 
Burd,  John  S.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Chace,  E.  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Carpenter,  Frank  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Va. 

Carroll,  John  S.,  Agricultural  College,  Miss. 

Cavanaugh,  George  W.,  Cornell  University  Agricultural  Experiment  Station,  Ithaca,, 

N.  Y. 
Chamberlain,  Joseph  S.,  U.  S.  Department  of  Agriculture,  Washington,  I).  C. 
Craighill,  George  P.,  John  II.  Ileald  &  Co.,  Lynchburg,  Va. 
Crampton,  C.  A.,  Treasury  Department,  Washington,  D.  C. 

Davidson,  R.  J.,  Agricultural  Experiment  Station,  Blacksburg,  Va. 
Donk,  Marion  G.,  Assi.stant  State  Chemist,  Tallahassee,  Fla. 
Doyle,  Aida  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Dubois,  Wilbur  L.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Eaton,  Edward  N.,  State  Analyst,  iQog  Manhattan  Building,  Chicago,  111. 
Ewell,  E.  E.,  U.  S.  Department  of  ^rw-ipulture,  Washington,  D.  C. 
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Frape,  George  S.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 
Frear,  William,  Agricultural  Experiment  Station,  State  College,  Pa. 

Gore,  Herbert  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Goes,  Ralph  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Gough,  T.  R.,  Maryland  Agricultural  College,  College  Park,  Md. 

Hamilton,  John,  Secretary  of  Agriculture  of  Pennsylvania,  State  College,  Va,. 
Howard,  Burton  J.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Harcourt,  Robert,  Ontario  Agricultural  College,  Guelph,  Ontario,  Canada. 
Hart,  E.  B.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 
Haskins,  Henri  D.,  Massachusetts  Agricultural  College,  Amherst,  Mass. 
Haywood,  John  K.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Herff,  B.  von,  Director  of  German  Kali  Syndicate,  New  York,  N.  Y. 
Hite,  Bert  H.,  Agricultural  Experiment  Station,  Moiigantown,  W.  Va. 
Holmes,  Charles  W.,  The  Columbian  University,  Washington,  D.  C. 
Hopkins,  Cjnil  G.,  Agricultural  Experiment  Station,  Urljana,  111. 
Houghton,  Harry  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Jaffa,  Myer  E.,  Agricultural  Experiment  Station,  Berkeley,  Cal. 

Jenkins,  Edward  H.,  Agricultural  Ex{)eriment  Station,  New  Haven,  Conn. 

Jones,  Charles  H.,  Agricultural  Experiment  Station,  Burlington,  Vt. 

Knight,  Carlisle  P.,  U.  S.  Department  of  Agriculture,  AVashington,  D.  C. 
Krug,  William  H.,  U.  S.  Department  of  Agriculture,  Washington,  I).  C. 

La  Bach,  James  O.,  Agricultural  Experiment  Station,  Lexington,  Ky. 
Langworthy,  C.  F.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Lansdale,  Harry  N.,  Assistant  State  Chemist,  College  Park,  Md. 
Lawson,  H.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Leach,  Albert  E.,  State  Board  of  Health,  Boston,  Mass. 

McCandless,  John  M.,  State  Chemist,  Atlanta,  Ga. 

McCarthy,  Eugene  R.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
McDonnell,  Curtis  C,  Agricultural  Experiment  Station,  Clemson  College,  S.  C. 
McDonnell,  Henry  B.,  Agricultural  Experiment  Station,  College  Park,  Md. 
Magruder,  Egbert  W.,  Department  of  Agriculture,  Richmond,  Va. 
Meng,  James  S.,  German  Kali  Works,  93  Nassau  street,  New  York,  N.  Y. 
Mooers,  Charles  A.,  Agricultural  Experiment  Station,  Knoxville,  Tenn. 
Moore,  Charles  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Morrison,  William  G.,  F.  S.  Royster  Guano  Company,  Norfolk,  Va. 
Morse,  Fred  W.,  Agricultural  Experiment  Station,  Durham,  N.  H. 
Munroe,  Charles  E.,  Columbian  University,  Washington,  D.  C. 
Munson,  Lewis  S.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Needham,  Charles  W.,  The  Columbian  University,  Washington,  D.  C. 
Norton,  John  IL,  I^.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Oshima,  Kintaro,  Middletown,  Conn. 

Page,  Ix^gan  Waller,  U.  S.  Department  of  Agriculture,  AVashington,  D.  C. 
Patrick,  George  E.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Patterson,  Henry  J.,  Agri(;ultural  Experiment  Station,  College  Park,  Md. 
Penny,  C.  L.,  Agricultural  Experiment  Station,  Newark,  Del. 
Price,  Thomas  M.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Reed,  Herbert  C,  Stamford  Manufacturing  Company,  Stamford,  Conn. 
Robb,  John  B.,  Agricultural  Experiment  Station,  College  Park,  Md. 
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Boss,  B.  B.,  State  Chemist,  Auburn,  Ala. 

Runyan,  E.  G.,  Inspector  of  GaB  and  Meters,  Washington,  D.  O. 

Sawyer,  Harris  E.,  Ck)nsulting  Chemist,  Boston,  Mass. 
Seidell,  Atherton,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Smith,  Bernard  H.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Smith,  Joseph  G.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Spencer,  Guilford  L.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Stewart  Andrew,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Street,  John  P.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 
Stuart,  Duncan,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Teas,  William  H.,  Ridgway,  Pa. 

Teme,  Bruno^  Union  Abattoir  Company,  Baltimore,  Md. 

Tolman,  L.  M.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 

Tresoot,  T.  C,  (J.  8.  Department  of  Agriculture,  Washington,  D.  C. 

Van  Slyke,  Lucius  L.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 
Veitch,  H.  P.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 

Warner,  Harry  J.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Watts,  Henry  C,  850  Drexel  Building,  Philadelphia,  Pa. 
Wheeler,  H.  J.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 
Wiley,  H.  W.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Williams,  Charles  B.,  Department  of  Agriculture,  Raleigh,  N.  C. 
Wilaon,  James,  Secretary  of  Agriculture,  Washington,  D.  C. 
Wilson,  Nathaniel  E.,  Agricultural  Experiment  Station,  Reno,  Nev. 
Wilson,  Herman  T.,  Buena  Vista  Extract  Company,  Buena  Vista,  Va. 
Winton,  A.  L.,  Agricultural  Experiment  Station,  New  Haveu,  CH>nn. 
Woods,  C.  D.,  Agricultural  Experiment  Station,  Orono,  Me. 

The  following  order  of  buHiuess  was  followed:  i 

OBDEB  OF  BUSINESS. 

The  president's  address. 

Reports  of  the  referees  in  the  following  order: 

1.  Report  on  nitrogen. 

2.  Report  on  potash. 

3.  Report  on  phosphoric  acid.    . 

4.  Report  on  soils. 

5.  Report  on  ash. 

6.  Report  on  foods  and  feeding  stuffs. 

7.  Report  on  food  adulteration. 

8.  Report  on  dairy  products. 

9.  Report  on  sugar. 

10.  Report  on  tannin. 

11.  Report  on  insecticides. 

12.  Reports  of  special  committees  (food  standards,  fertilizer  legis- 

lation). 
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12 
The  president  addressed  the  convention  as  follows: 
FBESIDENT'S  ADDBESS. 

Gentlemen  of  the  Association  of  Official  Agriclt^tural 
Chemists:  An  unwritten  law  seems  to  have  come  into  existence  to  the 
effect  that  the  president  of  this  association  is  expected  to  deliver  a 
more  or  less  formal  address  upon  the  opening  of  the  convention. 

Owing  to  the  fact  that  new  and  somewhat  arduous  executive  duties 
have  been  added,  temporarily,  to  those  which  fall  to  my  regular  lot,  it 
was  but  natural  that  I  should  seek  some  precedent  for  the  omission  of 
such  an  address.  It  was,  therefore,  with  a  feeling  of  intense  satisfac- 
tion that  I  discovered  in  reading  the  early  records  of  this  association 
that  presidential  addresses  were  not  at  first  in  vogue.  In  fact  every 
president  of  the  association  who  has  been  troubled  to  find  the  time  to 
prepare  a  formal  address,  or  who  has  felt  that  the  grain  has  already 
been  thi'ashed  from  the  association  '^  straw,"  has  good  reason  to  place 
the  burden  of  his  complaint  upon  the  shoulders  of  our  present  secre- 
tar}^  Mr.  Wiley,  who,  so  far  as  the  records  show,  seems  to  have  been 
the  first  president  to  "address"  the  association.  This  address  was 
delivered  upon  the  occasion  of  the  opening  of  the  third  convention. 
Upon  the  opening  of  the  fifth  convention  President  Chazal  omitted 
the  address,  since,  as  he  said,  "  there  was  a  desire  to  proceed  at  once 
to  business  with  the  view  of  accomplishing  the  objects  of  the  conven- 
tion in  as  short  a  time  as  possible."  Upon  the  opening  of  the  sixth 
convention  such  an*  excellent  address  was  delivered  by  our  late 
esteemed  friend,  John  A.  Myers,  that  the  custom  became  firmly 
established.  In  lieu  of  a  formal  address  I  shall  merely  call  attention 
to  a  few  matters  which  it  may  be  well  for  us  to  consider  at  this  time. 

Ujxjn  reading  the  proceedings  of  the  eighteenth  convention,  atten- 
tion is  attracted  to  several  important  changes  in  the  methods  of  busi- 
ness previously  in  vogue.  As  a  necessary  result  of  the  expansion  of 
our  work  the  methods  of  the  ''town  meeting"  have  gradually  given 
place  to  those  of  a  parliamentary  body. 

Perhaps  the  most  important  improvement  is  the  appointment  of 
sevenil  committees  on  "recommendations  of  referees"  instead  of  a 
single  committee.  The  results  of  this  change  are  so  gratifying  and 
the  necessity  of  it  so  obvious  to  all,  that  there  seems  to  l)e  little  chance 
that  the  system  will  be  changed  in  the  near  future  except  by  adding 
new  committees  as  the  volume  and  the  character  of  the  work  ma}'^ 
demand.  According  to  the  vote  passed  at  the  hist  convention  this 
committee  can  onl}^  be  called  upon  at  this  session  to  report  upon 
minor  matters.  Important  recommendations  by  referees,  such  as  the 
adoption  of  new  methods  or  the  radical  change  of  old  ones,  may  be 
considered  l)v  the  committees  at  their  leisure,  instead  of  under  pressure 
as  heretofore,  and  the  final  report  is  to  be  rendered,  in  printed  form. 
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if  possible,  to  each  member  of  the  association  as  soon  as  convenient 
after  the  close  of  the  present  session.  Final  action  upon  the  report  of 
these  committees  can  then  be  taken  at  the  next  succeeding  convention, 
or  after  ample  time  has  been  given  to  all  to  fully  consider  and  test  the 
proposed  changes. 

Several  important  modifications  of  the  constitution,  which  were 
made  in  1901,  were  necessitated  by  the  great  expansion  of  the  work 
undertaken,  and  may  be  looked  upon  as  the  milestones  marking  the 
association's  path  of  progress. 

It  is  doubtful  if  any  single  point  is  of  greater  moment  than  for  us 
to  keep  continually  in  mind  that  we  exist  for  the  purpose  of  improv- 
ing and  perfecting  our  methods  of  analysis,  and  not  for  the  purpose  of 
testing  the  work  of  individual  chemists.  The  older  members  of  the 
association  can  readily  recall  times  when  this  point  was  seemingly 
forgotten  by  referees,  to  the  great  detriment  of  our  work. 

It  can  not  be  too  often  reiterated  that  several  States  in  the  Union 
have  incorporated  in  their  laws  a  provision  that  the  results  secured  by 
the  official  methods  of  this  association  shall  be  accepted  as  final  evi- 
dence in  the  courts  of  the  respective  States.  For  this  reason  as  well 
as  from  motives  of  pride  in  our  association  we  should  not  be  influenced 
in  the  adoption  and  modification  of  methods  solely  by  the  desire  to 
secure  an  official  sanction  to  some  scheme  of  analysis  which  will  enable 
us  to  do  our  work  more  quickly  or  easily,  but  should  exercise  due 
care  and  act  conservatively. 

Owing  to  the  complex  character  of  certain  investigations  undeiiaken 
by  the  association,  and  the  fact  that  a  considerable  amount  of  original 
research  is  sometimes  demanded,  the  appointment  of  a  committee  to 
deal  with  certain  subjects  rather  than  a  referee  and  an  associate, 
would  seem  to  be  worthy  of  consideration.  It  is  not  infrequently  the 
case  that  the  member  of  the  association  who  would  naturally  be 
selected  as  referee  or  associate  referee  by  virtue  of  his  special  expe- 
rience, is  too  fully  occupied  to  give  the  matter  the  attention  which  is 
demanded  of  a  referee  under  the  present  system.  The  advice  of  such 
a  member  might,  however,  be  invaluable  in  formulating  lines  of  inves- 
tigation and  his  service  might  be  secured  upon  such  a  committee 
where  he  might  act  solely  in  an  advisory  capacity. 

In  connection  with  the  study  of  methods  great  attention  should  be 
paid  in  many  instances  to  fundamental  principles  which  tend  to  affect 
the  final  results.  As  instances  of  this  one  might  cite  the  necessity  of 
a  careful  study  of  the  conditions  and  circumstances  affecting  the  com- 
position of  the  *'  yellow  precipitate"  obtained  in  connection  with  the 
volumetric  determination  of  phosphoric  acid,  also  the  desirability  of 
perfecting  methods  for  the  more  satisfactory  differentiation  of  the 
phosphoric  acid  of  soils. 

Since  the  last  convention^  Hongi'^ss  has  officially  recognized  this 
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association  by  making  it  adviser  to  the  Secretary  of  Agriculture  in 
all  matters  relating  to  food  standards. 

As  a  result  of  several  inquiries  regarding  Battle  and  Dancy's  chem- 
ical conversion  tables,  it  has  been  ascertained  that  the  tables  are  now 
out  of  print  and  that  the  authors  have  no  intention  of  issuing  a  new 
edition.  They  have  expressed  their  willingness  to  have  this  associa- 
tion make  such  use  of  the  tables  as  it  desires  provided  due  credit  is 
given  to  the  authors.  As  a  matter  of  convenience  to  our  members  it 
is  reconunended  that  the  association  consider  the  advisability  of  pub- 
lishing the  same  or  a  similar  and  more  comprehensive  set  of  tables 
for  general  laboratory  use. 

Let  us  in  beginning  our  labors  for  another  year  not  waste  our  ener- 
gies in  congratulating  ourselves  upon  the  work  of  the  past,  but  rather 
look  forward  to  still  further  energetic  and  harmonious  action,  such  as 
has  ever  tended  to  enhance  the  value  bt  our  work  in  the  past. 

APPOrtnKENT  OF  COMMITTEES. 

The  President.  If  I  mistake  not,  the  announcement  of  committees 
is  now  in  order.  It  gives  me  pleasure  to  appoint  the  following  com- 
mittee to  wait  upon  the  Secretary  and  Assistant  Secretary  of  Agriculture 
for  the  purpose  of  inviting  these  gentlemen  to  attend  our  meeting: 

Messrs.  Jaffa,  Davidson,  and  Jenkins. 

Committee  on  resolutions:  Messrs.  Van  Slyke,  Frear,«  and  Ross. 

Committee  on  nominations:  Messrs.  Bigelow,  Street,  and  Jones. 

In  regard  to  the  committee  on  nominations,  I  would  like  to  say  that 
it  seems  desirable  that  the  election  of  officers  take  place,  if  possible, 
to-morrow  forenoon  in  order  that  the  executive  cx)mmittee  may  have 
time  to  appoint  the  referees  for  next  year  and  announce  them  before 
the  close  of  the  convention.  I  would  therefore  like  to  suggest  that 
the  committee  on  nominations  be  asked  to  report,  if  possible,  to-day, 
and  that  we  make  the  election  a  special  order  for  to-morrow  forenoon 
in  order  that  this  may  be  accomplished. 

Committee  on  amendments  to  the  constitution:  Messrs.  Frear,*  Hite, 
and  Hopkins. 

I  would  like  to  ask  if  it  is  the  pleasure  of  the  association  that  the 
same  number  of  members  be  appointed  on  the  committees  on  recom- 
mendations of  referees  as  last  year.  The  association  will  remember 
that  .prior  to  last  year  we  had  but  one  committee  on  recommendations 
of  referees.  Last  year  a  special  committee  was  appointed  to  propose  a 
subdivision  of  the  subjects.  This  committee  subdivided  the  work  under 
Committees  A,  B,  and  C,  Committee  A  having  in  charge  phosphoric 
acid,  potash,  nitrogen,  soils,  ash,  and  insecticides;  Committee  B,  dairy 

a  Mr.  H.  B.  McDonnell  was  later  apix)inted  in  the  place  of  Mr.  Frear. 
ft  Mr.  Van  Slyke  was  afterwards  appointed  in  the  place  of  Mr.  Frear. 
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products,  foods  and  feeding  stuffs,  and  tannin;*  and  Committee  C,  food 
adulteration.  Is  it  the  desire  of  the  association  that  the  committees  be 
modified  this  year,  or  that  they  shall  remain  the  same?  I  should  be 
glad  to  hear  some  expression  of  opinion  on  this  question  and  await 
your  pleasure  as  to  a  motion. 

Mr.  Davidson.  1  move  that  the  same  committees  be  appointed.  I 
think  they  helped  very  much  in  the  dispatch  of  business. 

The  motion  was  carried,  and  the  president  appointed  the  following: 
Messrs.  Street,  Jaffa,  Veitch,  Ross,  and  Runyan,  on  Committee  A; 
Messrs.  Krug,  C.  A.  Browne,  Haskins,  Munson,  and  C.  H.  Jones,  on 
Committeee  B,  and  Messrs.  Leach,  Winton,  Eaton,  Barnard,  and  Tol- 
man  on  Committee  0. 

Mr.  Wiley.  Mr.  President,  I  would  like  to  move  that  the  commit- 
tee on  invitations  include  the  names  of  the  president  of  this  university, 
Dr.  Needham,  who  was  appointed  a  few  months  ago,  and  the  dean  of 
the  Graduate  School,  Dr.  Munroe.  Through  their  courtesy  we  are 
occupying  this  building,  and  I  think  they  would  appreciate  the  compli- 
ment of  an  invitation  to  attend  some  of  our  sessions. 

The  motion  was  carried,  and  the  committee  was  instructed  to  act 
accordingly. 

The  President.  According  to  our  order  of  business,  the  first  report 
to  be  given  is  that  on  nitrogen.  Word  has  been  received  that  the 
referee  on  nitrogen  will  not  be  here  until  10.30  a.  m.  If  it  is  agree- 
able to  the  association  we  will  pass  on  to  the  report  on  potash. 

Mr.  Wiley.  Mr.  President,  before  proceeding  with  the  regular 
order  of  business,  I  would  like  to  say  in  regard  to  the  committee 
on  food  standards  that  Mr.  Frear,  the  chairman  of  that  committee,  is 
compelled  to  go  away  to-night,  therefore  1  move  that  the  report  of 
this  committee  be  received  this  afternoon. 

The  motion  prevailed. 

On  motion  of  Mr.  Wiley,  the  election  of  officers  was  set  for  11  o'clock 
Wednesday  morning. 

Mr.  Wiley.  1  would  like  to  say  that  the  Cosmos  Club  has  extended 
the  courtesy  of  the  club  to  the  members  of  this  association  during  their 
stay  in  the  city.  The  club  is  on  the  corner  of  H  and  Sixteenth  streets, 
and  you  will  be  welcomed  there.  On  entering  please  register  your 
name  in  the  book,  so  that  we  may  have  a  record  of  those  who  attend. 

The  President.  It  is  also  with  regret  that  I  am  obliged  to  announce 
that  the  report  of  the  referee  on  potash  is  not  ready.  It  can  be  pre- 
sented this  afternoon.  The  next  in  order  will  be  the  report  on  phos- 
phoric acid. 

<>  Sugar  should  have  been  included  in  the  work  of  this  committee. 
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EEPOET  ON  PHOSPHOEIO  AOD). 
By  C.  H.  Jones,  Referee. 

Your  referee  on  phosphoric  acid  has  been  unable  to  give  the  subject  delegated  to 
his  keeping  the  attention  he  desired  owing  to  pressure  of  work  connected  with  fer- 
tilizer and  feeding-stuff  inspections  coming  at  a  time  when  the  preliminary  w^ork  of 
formulating  trial  methods  for  this  year's  work  should  have  been  done. 

Fortunately,  however,  the  total  phosphoric  acid  work  has  received  such  careful 
attention  in  the  past  by  this  association  that  the  methods  are  in  a  satisfactory  shape 
and  need  no  overhauling  at  a  referee's  hands.  The  method  for  the  determination 
of  available  phosphoric  acid  is  not  in  as  good  favor.  While  ammonium  citrate  serves 
fairly  well  with  acid  goods  it  affords  low  results  of  doubtful  validity  w^ith  basic  slag. 
Some  demand  has  therefore  arisen  for  a  change  in  the  present  method  of  determin- 
ing the  available  phosphoric  atdd  content  of  l>a8ic  slags.  This  demand  doubtless  led 
your  last  referee  to  suggest  that  further  study  along  these  lines  was  in  order. 

Contemplated  changes  from  the  official  method  fall  naturally  into  two  classes:  (1) 
The  substitution  for  ammonium  citrate  of  another  solvent  that  will  be  of  more  gen- 
eral application;  (2)  the  adoption  of  special  solvents  for  special  phosphatic  materials. 
The  pros  and  cons  of  this  question  have  all  been  brought  to  your  attention  during? 
past  sessions  and  do  not  merit  further  attention  here. 

At  the  1900  meeting  of  tli  is  association  Mr.  Thomas  Macfarlane  submitted  a  scheme 
of  citric-acid  treatment  applicable  to  commercial  fertilizers  and  a  modification  of  the 
same  fitted  for  use  with  basic  slag,  groimd  bone,  etc.  This  method  is  outlined  in 
Bulletin  No.  62,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture  (p.  50),  as 
well  as  in  Bulletin  No.  75  of  the  inland  revenue  department,  Ottawa,  Canada.  Mr. 
Macfarlane  shows  that  different  basic  slags  carry  varying  amounts  of  free  lime,  and 
that  if  this  l)e  removed  before  treatment  by  any  method  for  availability  an  increased 
solubility  of  the  phosphoric  actid  apparently  results.  He  suggests  the  use  of  ammo- 
nium chlorid  solutirm  to  remove  this  lime,  and  further  shows  that  such  treatment 
does  not  dissolve  the  phosphoric  acid  compounds.  These  methods  aro  now  in  use 
in  Canadian  fertilizer  insi^ection  laboratories,  and  the  results  obtained  by  their  ufb 
are  shown  in  Bulletins  Nos.  75  and  81  of  the  inland  revenue  department,  Ottawa, 
Canada.  As  a  rule  the  so-called  insoluble  jihosphoric  acid  content  is  decreased,  and 
consequently  that  of  the  citric  soluble  and  available  phosphoric  acids  is  increased, 
particularly  in  bone  fertilizers  and  slags. 

The  referee  for  1901  was  instructed  to  investigate  along  these  lines.  His  report 
contains  the  results  obtained  by  a  citric-acid  prcnx^ss,  details  of  which  can  he  seen  in 
Bulletin  No.  67,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture  (p.  23) .  The 
removal  of  lime  by  ammonium  chlorid  solution  was,  however,  not  mentioned. 

The  report  of  the  referee  for  1897  also  contains  the  results  of  comparisons  of  differ- 
ent methods  for  determining  the  availability  of  l>asic  slag,  including  modifications  <-£ 
the  present  ammonium  citrate  method,  Wagner's  method,  and  a  1  i>er  cent  citric-acid 
method. 

During  the  time  at  his  disposal  your  referee  has  .obtained  a  few  results  by  different 
methods,  which  are  here  presented: 

Phosphoric  Acid  in  Basic  Slag. 

Per  cent. 

1.  Total  phosphoric  acid  found 17.56 

Available  ph(xsphoric  acid  found  by — 

2.  Direct  treatment ' '  oflicial ' '  ammonium  citrate  method 5.  22 

3.  Substituting  100  cc  1  per  cent  citric  acid  for  ammonium  citrate 4.  72 

4.  Sul>stituting  100  cc  2  per  cent  citric  acid  for  ammonium  citrate 7.  21 

5.  Substituting  100  cc  ammonium  citrate-f  100  cc  water 4. 54 
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6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 


WashiDg  2  grams  on  filter 
with  200  cc  water. 


Washing  2  grams  on  filter 
with  200  cc  5  per  cent 
sugar  solution. 

Washing  2  grams  on  filter 
with  200  cc  5  per  cent 
ammonium  chlorid  so- 
lution 


Per  cent. 

Residue  treated  as  per  (2) 6. 94 

Residue  treated  as  per  (5) 7. 00 

'^    *'  '  4.98 

8.17 
6.44 
6.80 
5.74 
8.93 


Residue  treated  as  per 

Residue  treated  as  per 

'Residue  treated  as  per 

Residue  treated  as  per 

Residue  treated  as  per 

Residue  treated  as  per 

Residue  treated  as  per  (2) 6. 89 

Residue  treated  as  per  (5)  7. 36 

Residue  treated  as  per  f  3^ 6. 63 

[Residue  treated  as  per  (4) 9. 06 

Boiled  2  ^ms  with  100  cc  6  per  centf Residue  treated  as  per  (2) 8. 70 

ammonmm    chlorid    solution,    re-]  Residue  treated  as  per  (3) 7. 40 

placing  evaporated  water.  ( Residue  treated  aa  per  (4) 9. 14 

Rotated  30  minutes 
with  200  cc. 


i^r^r'T'ni^^rn^J^filll^id^etre^  7.22 

^hl^-H  ^""™^°^"°^  Residuetreateda«^r(2i    8.04 


Macfarlane 
method. 


chlorid 
Boil  2  grams  with  100  cc 
5  per  cent  ammonium 
chlorid  solution.  Filter. 
Add  to  residue  100  cc 
1  per  cent  citric  acid. 
Shake.  Add  100  cc  more 
1  per  cent  citric  acid. 
Shake  every  five  minutes 
for  half  an  hour.  Filter; 
wash.  Determine  phos- 
phoric acid  in  residue. 


Temperature,  20°  C 10.44 

Temperature,  30°  C 10. 51 

^Temperature,  40°  C 10.90 

Temperature,  50°  C 10.  75 


The  results,  it  is  seen,  run  from  4.54  per  cent  to  10.90  per  cent,  depending  on  the 
method  of  procedure.  With  the  Macfarlane  method  the  variation  in  results  between 
20°  and  50°  C.  is  not  marked,  and  indicates  that  differences  in  ordinary  room  tem- 
peratures have  only  a  slight  influence.  The  last  four  results  were  obtained  by  differ- 
ence between  the  total  phosphoric  acid  present  and  that  remaining  in  the  insoluble 
residue.  The  direct  percentages  obtained  by  determining  the  phosphoric  acid  in  the 
filtrate  were  10. 3^,  10.83,  11.06,  and  10.88,  respectively.  They  show  fair  agreement, 
and  a  direct  estimation  would  often  save  considerable  time. 

On  boiling  2  grams  of  this  slag  in  100  cc  of  5  per  cent  amraonium-chlorid  solution 
for  thirty  minutes  and  replacing  evaporated  water,  there  was  removed  11.87  per  cent 
of  lime  (CaO).  Boiling  in  200  cc  of  a  similar  solution  removed  13.35  per  cent  of  lime 
(CaO).  No  phosphoric  acid  was  found  in  the  filtrates  from  the  above.  Washing  2 
grams  on  a  filter  with  200  cc  of  the  ammonium  chlorid  solution  removed  6.42  per 
cent  of  lime,  while  a  similar  washing  with  5  per  cent  sugar  solution  dissolved  only 
1.85  per  cent  of  lime.  The  sample  sent  out  by  the  referee  in  1901  gave  an  availability 
of  11.57  per  cent  by  the  Macfarlane  method. 

It  is  well  recognized  that  the  solvent  power  of  the  sundry  solutions  employed  in 
availability  determinations  depends  upon  the  quantity  of  the  solvent  and  material 
used  and  the  length  of  time  allowed  for  its  action.  Temperature  also  plays  its  part. 
This  being  true,  it  would  seem  desirable  to  at  least  agree  on  the  per  cent  of  the  total 
phosphoric  acid  present  we  are  willing  to  concede  as  available  in  a  sample  of  basic 
slag  of  standard  composition  and  fineness.  For  example,  let  us  say  that  the  Wagner 
method  shows  80  per  cent  available  phosphoric  acid  and  the  present  ammonium 
citrate  method  30  per  cent.  There  may  be  thase  present  who  believe  the  foimer  is 
too  high,  while  I  think  we  are  all  agreed  that  the  latter  is  too  low.  The  happy 
medium  therefore  lies  between  30  and  80  per  cent,  and  if  once  agreed  upon  it  would, 
in  my  opinion,  prove  of  great  help  in  the  selection  of  a  special  method  for  the  avail- 
ability of  phosphoric  acid  in  basic  slag. 

17261— No.  73—03 2 
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The  President.  Before  proceeding  to  the  next  subject  I  would  like 
to  announce  changes  in  committees  necessitated  by  Mr.  Frear's  being 
called  away.  I  appoint  in  his  place  Mr.  McDonnell,  on  the  committee 
on  resolutions,  and  as  chairman  of  the  committee  on  amendments  to 
the  constitution,  Mr.  Van  Slyke.  Next  in  order  will  be  the  report  on 
ash. 

EEPOET  OH  ASH. 

By  G.  S.  FRAPS,  Referee. 

Before  sending  out  samples  or  requests  for  cooperation  the  referee  undertook  the 
following  work  on  the  determination  of  sulphur: 

Preliminary  Work  on  Sulphur. 

The  following  methods  were  studied: 

(1)  Nitric-acid  method  {Die  provimorml  method  oftlie  aasociation). 

Five  grams  of  material  are  placed  in  a  3 J-inch  porcelain  evaporating  dish,  20  cc  of 
nitric  acid  (concentrated)  added,  and  the  mixture  heated  cautiously  on  the  water 
bath  until  all  danger  of  overflowing  has  passed.  It  is  then  partly  evaporated,  10  cc 
of  a  5  per  cent  solution  of  potassium  nitrate  is  added,  the  mixture  evaporated  to  com- 
plete dryness,  and  ignited,  at  first  gently,  then  under  a  blast  lamp  until  the  residue 
is  white.  It  is  then  dissolved  in  hydrochloric  acid,  evaporated  to  dryness,  and 
heated  for  some  time  in  an  air  bath  to  render  silica  insoluble.  The  residue  is  taken 
up  in  water  with  the  addition  of  a  little  acid,  filtered,  and  the  sulphuric  acid  precipi- 
tated with  barium  chlorid  in  the  usual  way. 

This  method  gives  good  results.  It  has  a  disadvantage,  however,  jn  that  the  ash 
produced  is  easily  fusible,  acts  upon  the  porcelain  dish,  and  is  ignited  free  of  car- 
bon with  great  difficulty.  It  was  to  overcome  this  objection  that  the  modification 
described  Iwlow  waa  tested. 

(2)  Nitric-acid  method  modified. 

The  modification  consists  in  the  use  of  20  cc  of  a  solution  of  calcium  acetate  con- 
taining 0.56  gram  of  calcium  oxid  (CaO) ,  in  place  of  20  cc  of  potassium-nitrate  solu- 
tion. The  ignition  takes  place  much  more  easily,  the  ash  does  not  fuse,  and  is  more 
easily  burned  free  of  carbon  than  when  potassium  nitrate  is  used. 

(3)  Boiling  with  nitric  add. 

An  attempt  was  made  to  destroy  the  oi^nic  matter  by  boiling  the  material  with 
nitric  acid,  which  I  understand  is  the  method  used  for  meats  in  the  nutrition  inves- 
tigations of  the  Office  of  Experiment  Stations.  The  method  did  not  succeed  with 
vegetable  materials.  Several  experiments  were  made,  but  in  no  case  was  all  organic 
matter  of  the  vegetable  materials  destroyed,  even  when  5  grams  of  material  was 
boiled  to  dryness  with  100  cc  nitric  acid  in  a  Kjeldahl  flask.  As  it  would,  therefore, 
be  necessary  to  wash  the  residue  from  the  flask  into  a  dish,  and  ignite  with  the  addi- 
tion of  potassium  nitrate  or  calcium  acetate  to  remove  organic  matter,  this  method 
would  differ  from  the  two  preceding  only  in  that  a  larger  quantity  of  acid  is  used 
and  the  digestion  with  the  acid  is  more  prolonged.  The  metliod  was  not  further 
examined. 

(4)  Fusion  with  caustic  soda. 

This  is  the  standard  method  for  determining  sulphur  in  nonvolatile  organic  com- 
pounds.   The  method  as  tested  was  as  follows: 
Fiv«  grams  of  material  in  a  nickel  crucible  were  saturated  with  40  cc  of  a  solution 
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of  150  grams  sodium  hydroxid  in  300  cc  water,  evaporated  to  dryness,  and  fused 
with  the  addition  of  a  little  sodium  peroxid.  The  fusion  requires  care  to  prevent 
the  material  from  overflowing  the  dish,  and  the  whole  process  is  somewhat  long. 
The  melt  was  dissolved  in  water,  neutralized  and  acidified  with  hydrochloric  acid, 
evaporated  to  dryness  and  heated  to  render  silica  insoluble,  filtered,  and  the  sul- 
phuric acid  precipitated  from  the  filtrate,  the  volume  of  which  was  about  200  cc. 
The  sodium  hydroxid  and  sodium  peroxid  contained  a  lai^e  quantity  of  sulphates; 
about  0.1  gram  in  the  quantity  used  in  the  determination  was  found  in  the  blank 
determination.  The  results  with  this  method  are  decidedly  low.  This  may  possibly 
be  due  to  the  solubility  of  barium  sulphate  in  sodium  chlorid,  about  38  grams  of  the 
latter  salt  being  present  in  the  solution  from  which  the  barium  sulphate  was  precipi- 
tated, or  it  may  be  owing  to  the  error  caused  by  impurities  in  the  reagents. 

(5)  Eschka'snielhwL 

This  is  the  method  usually  employed  for  the  determination  of  sulphur  in  coals. 
It  was  applied  to  plant  materials  as  follows: 

Five  grams  material  were  intimately  mixed,  in  a  platiniun  dish,  with  7^  grams  of 
a  mixture  of  two  parts  magnesium  oxid  to  one  of  dried  sodium  carbonate.  The  mix- 
ture was  heated,  stirring  frequently,  and  the  temperature  raised  slowly  imtil  all  car- 
bon appeared  to  be  burned  off.  The  mass  was  transferred  to  a  beaker  with  about 
50  ec  water;  15  cc  of  saturated  bromin  water  was  added  and  boiled  five  minutes.  It 
was  allowed  to  settle,  decanted  through  a  filter,  boiled  a  second  and  third  time  with 
about  30  cc  water,  and  washed  thoroughly.  The  filtrate  was  made  acid  with  hydro- 
chloric acid,  boiled  until  bromin  was  expelled,  and  then  precipitated  with  barium 
chlorid  in  the  usual  way.    The  results  by  this  method  were  too  low. 

RIB8ULT8   OF  WORK. 

The  analytical  results  by  the  different  methods  are  given  in  the  following  table 
(Table  I).  The  figures  in  each  case  are  corrected  for  the  sulphur  in  the  reagents 
found  by  a  blank  determination.  The  blank  was  very  low  in  the  case  of  the  two 
nitric>acid  methods.  In  the  Eschka  method  it  was  equivalent  to  0.0058  gram  barium 
sulphate  in  the  quantity  of  the  reagents  used  for  each  test.  As  has  already  been 
stated,  the  fusion  method  gave  results  much  too  low,  and  the  blank  was  high,  being 
0.1103  gram  barium  sulphate. 

Table  I. — Determination  of  sulphur  {80^)  by  different  methods. 


Nitric-acid 
method. 

Nitric-acid 
method 
modified. 

Eachka 
method. 

Com 

Percent. 

0.249 

.244 

Per  cent. 
0.287 

.286 

Per  cent. 
0.288 

.208 

Average 

.247  1             .287 

.223 

Peaji 

.481   1                -4«)  1              .297 

.533 

.312 
.313 

.503 





ATerage 

.518 

.480  1           .307 

Millet 

.369 
.376 
.400 

.  427              . 4.51 

.434              .460 
1 

Average . 


.382  ! 


.456 
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Official  Work  on  Sulphitr. 

It  was  decided  to  compare  the  provisional  method  for  the  determination  of  sul- 
phur with  the  method  modified  hy  the  use  of  calcium  acetate  in  place  of  potassium 
nitrate.  A  comparison  between  two  methods  for  potash  was  also  determined.  The 
following  circular  letter  was  sent  out  to  a  number  of  members  of  this  body: 

Raleigh,  N.  C,  May  1,  190^. 
Dear  Sir:  The  referee  on  ash  for  the  present  year  will  continue  the  study  of  the 
methods  of  determining  sulphur  and  potash  in  plant  materials.  It  is  bought  best 
to  work  out  one  portion  of  tne  problem  at  a  time.  Kindly  inform  the  referee  if  vou 
will  be  able  to  cooperate.  The  samples  will  be  sent  out  about  the  latter  part  of  May. 
The  work  of  last  year  proves  conclusively  that  the  sulphur  in  an  ash,  as  ordinarily 
prepared,  is  no  indication  of  the  amount  of  sulphur  in  the  plant,  which  may  be  vastly 
greater.  Kindly  give  us  the  benefit  of  any  suggestions. 
Very  truly, 

G.  S.  FRAPS,  Referee. 

Frank  T.  Shutt,  Asaociate  Referee. 

Eight  chemists  requested  samples.  R.  J.  Davidson,  of  Virginia,  sent  the  following 
table  of  analyses: 

Table  II. — Determination  of  sulphur  {SO^)  by  different  methods  (Davidson), 


Method. 

Dried  ap- 
ples, Ham- 
pie  1. 

1^  cent. 

0.09 

.09 

.10 

Dried  ap- 
ples, flam- 
pie  2. 

Bran. 

Ig'Dition  with  calcium  acetate  ...                .                        

Per  cent. 

0.10 

.10 

.11 

Percent. 
0.27 

Nitric-acid  method 

.45 

Eschka'H  method 

In  ash             ....... 

.09 

W.  p.  Headden,  of  Fort  Collins,  Colo.,  wrote  as  follows: 

If  you  will  refer  to  my  bulletin  on  alfalfa.  No.  35,  of  this  station,  pages  84-87,  you 
will  see  that  I  did  some  work  in  this  line  in  1895  in  regard  to  chlonn,  sulphur,  and 
phosphorus,  but  did  nothing  in  regard  to  loss  of  potash.  I  found  a  very  consider- 
able loss  of  chlorin  and  sulphur,  but  none  for  phosphoric  acid.  I  was  rather  sur- 
prised at  the  latter,  as  we  know  that  phosphates  heated  with  carbon,  especially  if 
there  is  sand  enough  present  to  set  phosphoric  acid  free,  may  be  reduced.  In  my 
experiments  there  were  doubtless  enough  basic  salts  present  to  avoid  such  reactions; 
besides,  the  temperature  of  incineration  was  very  low — as  low  as  would  accomplish 
the  incineration. 

You  state  that  the  sulphur  in  the  plant  may  be  vastly  greater  than  that  indicated 
by  the  determination  o!  sulphuric  acid  or  total  sulphur  in  the  ash.  You  will  see 
that  I  found  in  one  instance  4.88  per  cent  in  the  ash  and  8.09  per  cent  in  the  plant, 
almost  66  per  cent  more. 

,    Mr.  Charles  P.  Beistle  wrote  as  follows: 

I  would  say  that  I  have  done  considerable  work  on  the  determination  of  sulphur 
in  plant  substances  and  proteid  bodies,  and  have  found  the  only  satisfactory  way  is 
by  fusion  in  a  mixture  of  sodium  hydrate  and  potassium  nitrate.  Among  other 
methods  used  were  ignition  in  a  (closed  vessel  containing  oxygen  under  about  20 
atmospheres  pressure,  ignition  in  a  combustion  tube  in  a  current  of  oxygen  gas, 
passing  products  of  combustion  through  bromin  water,  and  digestion  in  nitro- 
hvdroohloric  acid.  The  first-mentioned  method  always  gave  the  highest  results. 
The  next  two  methods  gave  almost  as  high  results,  but  required  special  apparatus 
and  a  g^reat  expenditure  of  time.  To  determine  sulphur  in  the  ash  ol  plants  ^ves  no 
indication  whatever  of  the  amount  of  sulphur  present  in  the  original  material,  and 
the  calcium-acetate  method  (simple  ignition  with  calcium  acetate),  although  giving 
higher  results,  is  of  no  real  value  as  a  method  of  estimating  total  sulphur. 

I  would  suggest  that  fusion  with  sodium  peroxid  might  be  successfully  used  as  a 
method  of  oxidizing  the  plant  material  and  cnanging  sulphur  to  sulphate. 
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Work  on  Ash. 


Two  samples  were  prepared,  com  bran  and  cotton-seed  meal,  and  sent  out  with 
the  following  letter: 

DXRBCTIONS   FOR  WORK. 

The  samples  consist  of  com  bran  and  cotton-seed  meal.  Determine  moisture  (in 
the  usual  way),  sulphur,  and  potash  in  both  samples.  Make  at  least  two  determi- 
nations by  each  method.  In  reporting  eive  weights  of  precipitates,  per  cent  on 
samples  as  received,  and  on  dry  matter.    Please  report  results  as  early  as  possible. 

Method  I,— Sulphur. 

Place  5  grams  materia)  in  a  2i-inch  porcelain  evaporating  dish,  add  20  cc  concen- 
trated nitric  acid,  and  heat  the  mixture  cautiously  on  the  water  bath  until  all 
danger  of  overflowing  has  passed.  Then  evaporate  partly,  add  10  cc  of  5  per  cent 
solution  of  potassium  nitrate,  evaporate  to  complete  dryness,  and  ignite,  at  first 
gently,  then  more  vigorously  until  the  residue  is  white.  The  residue  is  then  dis- 
solved in  hydrochloric  acid,  evaporated  to  dryness,  and  heated  for  some  time  in  an 
air  bath  to  render  silica  insoluble.  The  residue  is  taken  up  in  water  with  the  addi- 
tion of  a  little  hydrochloric  acid,  filtered  to  150  cc  or  more,  and  the  sulphuric  acid 
precipitated  with  barium  chlorid  in  the  usual  way.  Make  a  blank  test  with  the 
reagents. 

Method  II.— Sulphur. 

The  same  as  the  preceding,  substituting  20  cc  of  a  solution  of  calcium  acetate  for 
the  potassium  nitrate.  The  solution  is  prepared  by  dissolving  12.5  grams  calcium 
carbonate,  chemically  pure,  in  chemically  pure  acetic  acid,  and  diluting  to  250  cc. 
Make  a  blank  test  with  the  reagents. 

Method  III.— Potash. 

Determine  by  ignition  with  sulphuric  acid  as  in  the  methods  of  the  A.  O.  A.  C, 
page  22  b.  With  the  bran  use  a  quantity  of  the  solution  corresponding  to  at  least 
2  grams  of  bran. 

Method  IV.— Potash. 

Char  10  grams  substance  in  a  platinum  dish,  extract  twice  with  hot  dilute  hydro- 
chloric acid  1:10,  and  wash,  receiving  the  extract  and  washing  in  a  500  cc  flask. 
Return  filter  and  contents  to  the  dish,  and  ignite  to  whiteness.  Dissolve  the  residue 
in  hydrochloric  acid,  add  to  the  extract  in  the  flask,  make  up  to  volume,  and  deter- 
mine potash  as  in  Method  III. 

Report  potash  as  KjO,  sulphur  as  SOj.  Please  give  the  referee  the  benefit  of  your 
suggestions  in  regard  to  the  work. 

MOISTURB. 

The  moisture  determinations  on  the  samples  sent  out  are  given  simply  as  a  matter 
of  record  (Table  III).    The  agreement  is  satisfactory. 

Table  III. — Moisture  determinations. 


Analyst. 


J.  H.  Gibboney,  Virginia 

E.G.Rnnyan,  Washington,  D.  C. 

Frank  T.Sbutt,  Ottawa 

A.  T.  Charron,  Ottawa 

R.  W.  Thatcher,  Waidilngton 


Corn 
bran. 

(;otton-8CGd 
meal. 

Per  cciit. 

Per  cent. 

12.10 

1.2li 

12.67 

7.20 

12.30 

6.97 

12.55 

7.08 

13.02 

7.96 

13.07 

8.01 
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nETKRMINATION   OP  SULPHUR. 


The  results  obtained  for  salphur  in  the  samples  as  sent  out  are  given  in  the  follow- 
ing table: 

Table  IV. — Determination  of  sulphur  {SO^). 


Analynt. 


J.  H.  Gibboney,  Virginia . 


E.G.  Runyan,  Washington,  I>.  C. 


Frank  T.  Shutt,  Ottawa 

A,  T.  Charron,  OtUwa 

G.  S.  Frap«.  North  Carolina  . 


Com  bran. 


Cotton-»eed  meal. 


method.    \^'^l^X\  "othod.   ^^^X 


Per  cent.       Per  cfnt       Prr  cent. 


0.2^ 
.28 
.28 
.43 
.42 
.44 
.40 
.40 
.34 
.34 


R.  W.  Thatoher,  Waflhington. 


.27 
.23 


0.32  , 
.34  1 
.30 
.33 
.W 
.32 
.15 
.13 
.24 
.24 
.41 
.40 


.24 
.25 


1.06 
1.07 
1.01 
1.04 
l.a*) 
l.M 
1.27 


1.24 
1.34 


1.00 


JWrenl. 
1.07 
1,10 
1.00 
1.08 
1.08 
1.14 
1.10 
1.05 
1.00 
1.08 
1.03 
1.00 
1.03 
1.08 
.97 
.97 


REMARKS  OP   .ANALYSTS. 

/?.  /.  Davidson,  Virginia. — We  tried  several  detenninations  on  these  substances  by 
Eschka's  method,  but  found  the  result  too  low.  On  2-graui  samples  we  got  the  follow- 
ing weights  of  barium  sulphate:  0.0240,  0.216,  and  0.0209  grams,  just  about  one-third 
of  what  they  should  be. 

R,  W.  Thatcher,  Washington. — My  experience  with  the  two  methods  suggested  for 
the  determination  of  sulphur  is  that  they  give  practically  identical  results,  those 
obtained  by  the  calcium  acetate  ignition  method  being  very  slightly  lower.  The 
use  of  calcium  acetate  allows  much  more  rapid  burning  to  whiteness,  since  the 
potassium  nitrate  present  in  the  other  method  fuses  very  easily,  and  thus  incloses 
particles  of  carbonaceous  matter,  which  are  finally  removed  only  after  a  somewhat 
tedious  process. 

Frank  T.  Shutt,  Central  Experimental  Farm,  Ottaiva,  Canada. — We  found  great  diffi- 
culty in  obtaining  a  white  ash  by  Method  II.  Even  after  prolonged  ignition  the 
ash  remaine<i  gray,  and  on  treatment  with  acid  showed  the  presence  of  carbon. 
You  will  notice  that  invariably  higher  results  were  obtained  by  Method  I.  As  far 
as  one  caii  judge  from  duplicate  determinations  and  general  conduct  and  appearance 
of  the  material  during  treatment.  Method  I  seems  to  be  very  satisfactory.  To  lessen 
the  danger  from  loss  while  frothing  (treatment  with  nitric  acid  on  water  bath)  a 
3-inch  porcelain  evaporating  dish  was  use<l.  It  will  l)e  found  much  safer  than  a 
2J-inch  dish.  Ignition  in  a  muffle  furnace  proved  easier  and  quicker  than  with  the 
blast  lamp. 

The  agreement  l)etween  the  figures  obtained  by  different  analysts  by  both  methods 
is  not  satisfactory.  The  trouble  is  with  the  methods.  They  are  not  very  accurate. 
As  will  be  shown  below,  the  results  given  by  the  nitric  acid  metlKHi  are  much  lower 
than  they  should  be. 
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WORK   OF  H.  C.  SHERMAN   ON   SULPHUR   AND   PHOSPHORUS. 

H.  C.  Shennan,  of  Columbia  University,  New  York  City,  during  the  past  summer 
has  been  studying  the  methods  for  the  determination  of  sulphur  and  phosphorus 
in  organic  materials.  We  have  had  some  correspondence  on  the  subject,  and  he  has 
kindly  communicated  to  me  the  results  of  his  work,  which  will  appear  in  the 
Journal  of  the  American  Qhemical  Society.  The  methods  which  Dr.  Sherman  has 
studied  are  as  follows: 

(1)  Combustion  in  oxygen  under  pressure  of  25  to  30  atmospheres  in  the  bomb 
calorimeter. 

(2)  Fusion  with  alkali,  as  described  by  Osborne. 

(3)  The  provisional  method  of  this  association  (the  nitric  acid  method),  with  the 
use  of  2  grams  of  sample. 

Six  samples  of  material  were  used.  In  every  case  the  nitric  acid  method  gave 
lower  results  than  the  other  two  methods,  the  average  amount  of  sulphur  found 
being  about  five-sixths  of  that  present.  It  seems  probable  that  the  greater  part  of 
the  discrepancy  is  due  to  volatilization  of  sulphur  in  some  form  of  combination  not 
sufficiently  oxidized  to  stand  the  heat  generated  at  this  point.  Such  a  loss  could 
doubtless  be  avoided  by  repeated  evaporation  with  nitric  acid,  or  by  the  addition  of 
alkali  alon^  with  the  nitrate,  but  the  method  would  thus  become  practically  that  of 
Salkowski.    Combustion  in  oxygen  has  the  advantage  over  the  fusion  method. 

The  fusion  method  is  described  by  Osborne  as  follows:  « 

About  10  grams  of  sodium  peroxid  were  converted  into  hydroxid  in  a  nickel  cru- 
cible by  adding  a  little  water  and  boiling  over  an  alcohol  lamp  until  the  excess  of 
water  was  expelled.  From  1  to  2  grams  of  the  protein  were  then  stirred  into  the 
slightly  cooled  hydroxid  and  oxidized  -by  gradually  raising  the  heat  and  adding 
small  portions  of  sodium  peroxid  until  the  oxidation  was  complete.  The  fused  mass 
was  then  dissolved  in  400  cc  of  water,  its  solution  strongly  acidified  with  hydro- 
chloric acid,  boiled  until  the  excess  of  peroxid  was  destroy^  and  chlorin  expelled, 
filtered,  made  neutral  with  ammonia,  and  an  excess  of  4  cc  of  concentrated  hydro- 
chloric acid  added.  From  the  boiling  solution  sulphuric  acid  was  precipitated  by 
gradually  adding  a  solution  containing  1  gram  of  barium  chlorid.  After  standing 
overnight  on  a  steam  table  the  barium  sulphate  was  filtered  out,  washed,  ignited, 
and  weighed. 

I>r.  Sherman  uses  15  grams  of  sodium  peroxid,  and  with  vegetable  materials  the 
acidulated  solution  was  evaporated  to  dryness,  and  heated,  to  dehydrate  any  silica 
which  might  have  been  present. 

This  method  differs  from  that  tested  by  the  referee  chiefiy  in  the  use  of  a  larger 
volume  of  water  in  the  solution  from  which  the  barium  sulphate  was  precipitated. 
As  it  is  well  known  that  barium  sulphate  is  soluble  in  strong  solutions  of  salts,  it  is 
possible  that  this  may  account  for  the  difference. 

Dr.  Sherman  exchanged  samples  with  the  referee,  with  the  following  results.  The 
sample  of  lean  meat  was  sent  by  Dr.  Sherman.  The  other  two  samples  are  the 
referee's  samples. 

Table  V. — Comparison  of  methods  for  the  determination  of  sulphur. 


Method  and  analyst. 


Compressed  oxygen  method— Sherman 

Pa*don  method— Sherman 

Nitric  acid  method— Sherman 

Nitric  acid  method— Fraps 


Lean  meat. 

Cottonseed 
meal. 

Com  bran. 

Per  cents. 

0.82 

.81 

PercetUSO^. 
1.49 

lucent  SO3. 
0.47 

.68 

.67 
.52 

1.03 
1.07 

.40 
.41 

a  Jour.  Am.  Chem.  Hoc.  24:  142  (1902). 
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I  am  convinced  by  this  work  that  the  nitric  atnd  method  gives  too  low  results. 

Detkrminatio.v  of  Potash. 

The  results  obtained  by  the  different  analysts  for  potash  by  the  methods  already 
described  are  as  follows: 

Table  VI. — Potash  determinations. 


AnalyHt. 


Com  bran. 


Method  I- 

Sulphuric 

acid. 


Per  cent. 


Method 

Il-Char- 

ring  and 

extracting. 


Cotton-.Heed  meal. 


Method  I— I 

Sulphuric 

acid. 


0.43 

0.89 

.42 

.39 

.37 

.:« 

.38 

.36 

.42 

.37 

.45 

- 

Method 

Il-Char- 

ring  and 

extracting. 


PrrcnU. 

PrrcfiU. 

1.80 

1.82 

1.78 

1.82 

1.61 

1.78 

1.66 

1.68 

1.60 

1.72 

1.64 

1.77 

1.74 

1.64 

1.72 

J.  H.  Gibboney 
E.  G.  Runyan. . 

R.W.Thatcher 


There  seems  to  be  a  slightly  larger  quantity  of  potash  obtained  by  charring  and 
extracting  than  by  ignition  with  sulphuric  acid,  though  the  results  are  not  conclusive. 

Determination  of  Bulphates. 

It  has  been  suggested  to  the  referee  that  not  the  total  sulphur  but  the  sulphur 
existing  as  sulphates  in  plants  should  be  considered  as  the  sulphur  of  the  ash,  since 
the  organic  sulphur  would  otherwise  be  counted  twice.  It  is  necessary,  however, 
that  we  should  have  a  method  for  the  determination  of  total  sulphur,  in  order  to 
estimate  the  quantity  of  that  element  required  by  the  growing  plant;  the  fact  should 
not  be  lost  sight  of  for  an  instant  that  the  detennination  of  sulphur  in  an  ash,  as 
heretofore  made,  throws  no  light  whatever  upon  the  quantity  of  sulphur  in  the  plant, 
and,  since  it  leads  to  false  conclusions,  is  worse  than  valueless. 

That  part  of  the  sulphur  in  plants  exists  as  sulphates,  and  part  in  the  organic  form, 
has  been  known  for  a  long  time.  R.  Arendt,  in  1856,  was  the  first  to  distinguish 
between  organic  and  inorganic  sulphur  in  plants  and  to  estimate  total  sulphur  with 
any  degree  of  accuracy.  He  extracted  the  sulphates  with  acidulated  water,  and 
estimated  the  total  sulphur  by  fusion  with  alkalies.  IJIricht  pursued  a  similar  plan. 
Arendt  (1857)  found  small  amount^ii  (0.04-0.06  i)er  cent)  of  sulphates  in  the  lower 
leaves  and  ears  of  the  oats,  and  more  in  the  upper  leaves  (0.22-0.44  per  cent). 
Ulricht  (1859)  states  that  sulphates  are  totally  absent  from  the  lower  leaves  and  stems 
of  red  clover,  while  present  in  the  upper  leaves  and  the  blossom. 

Wolff  and  his  associates  (1859)  give  the  following  quantity  of  sulphates  and 
oi^nic  sulphur  as  present  in  the  dry  matter  of  green  rape. 

Table  VII. — Distribution  of  sulphur  in  green  rape  (  Wolff) . 


Part  of  plant. 


Organic 
Hulphur. 


.Sulphates. 


I  PtT  cent  S.  I  irr  cent  SO9. 

Seeds '  1.127  ;  0.020 

Straw : .167  ]  .021 

Chaff .310  1.464 
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Wolff  and  Telin  (1860)  did  not  find  any  sulphates  in  the  grain  or  straw  of  wheat, 
in  barley,  oats,  or  lucerne.  Knop  and  Ritter  (1859)  found  sulphates  in  garden 
beans  (0.14  per  cent)  but  none  in  the  bean  straw. 

EL  Sohulze  <*  investigateil  the  changes  in  sulphur  during  the  sprouting  of  the  seeds 
of  the  yellow  lupine.  The  finely  ground  material  was  completely  extracted  with 
warm  water,  acidified  with  hydrochloric  acid  after  separating  a  small  quantity  of 
albumen,  and  precipitate<l  with  barium  chlorid.  As  the  precipitate  did  not  appear 
pure  it  was  fused  with  sodium  carbonate  with  the  addition  of  a  little  potassium 
nitrate,  the  melt  extracted  with  water,  and  the  sulphuric  acid  prei;ipitated  with 
barium  chlorid.  The  seed  contained  1.028  per  cent  sulphur,  0.154  per  cent  as  sul- 
phates (0.385  per  cent  calculated  as  SO,).  The  sprouted  seeds  contained  1.510  per 
cent  and  1.703  per  cent  sulphur  as  sulphates  after  12  and  15  da>*s,  respectively. 
An  oxidation  of  organic  sulphur  took  place  during  the  germination. 

Tammann  *  obtained  0.359  per  cent  SO,  from  peas,  by  fusion  with  sodium  carbon- 
ate and  saltpeter,  and  0.075  per  cent  SO,  precipitated  by  barium  hydroxi^l  from  the 
hot  water  extract  purified  with  tannic  add.  After  germinating  25  days,  0.191  per 
cent  SO,  was  present — ^a  decided  increase.  By  boiling  the  alkaline  filtrate  from  the 
barium  sulphate  with  hydrochloric  acid  a  second  precipitate  appeareil,  due,  he  says, 
to  the  presence  of  ethereal  salts  of  sulphuric  acid.  The  quantity  of  this  second  pre- 
cipitate from  the  migerminated  see<is  was  insignificant  as  well  as  from  the  see<ls  ger- 
minated in  darkness,  while  from  those  germinated  in  the  light  it  corresponde<l  to 
0.019  per  cent  SO,. 

Berthelot  and  Andre  <"  investigated  the  sulphur  in  different  forms  in  plants  at  dif- 
ferent stages  of  growth.  They  concluded  that  the  sulphur  content  of  the  plant 
increases  continuously  until  it  blossoms.  The  amount  of  sulphur  present  in  organic 
compounds  reaches  its  maximum  at  the  time  of  flowering,  and  then  gradually 
decreases  partly  on  account  of  reoxidation  of  the  sulphur,  partly  by  elimination  of 
volatile  sulphur  compounds.  The  proportion  of  the  two  forms  of  sulphur  in  the 
seeds  varies  considerably  in  <iifferent  spetnes  of  plants.  In  Arena  mtmi  nearly  all 
the  sulphur  is  present  in  the  oi^ganic  form;  on  the  other  hand,  in  the  white  lupine 
only  6.7  per  cent  of  the  total  sulphur  is  in  organic  combination. 

I  have  gone  thus  fully  into  the  literature  in  order  to  give  a  clear  idea  as  to  the 
present  standing  of  the  determination  of  sulphates  in  plants.  It  is  seen  that  the 
quantity  of  sulphates  present  may  yary  considerably,  both  in  the  seeds  of  different 
plants,  different  parts  of  different  plants,  different  parts  of  the  same  plants,  and  in 
the  same  plant  at  different  stages  of  growth.  At  times,  indeed,  the  amount  of  sul- 
phur present  as  sulphates  is  very  small. 

The  following  method  was  used  for  the  determination  of  sulphates  in  several 
materials: 

Five 'grams  substance  was  mixed  well  wnth  50  cc  of  a  1  per  cent  solution  of  hydro- 
chloric acid,  allowed  to  stand  half  an  hour,  filtered,  and  washed  with  the  dilute 
acid  to  250  cc  or  more.  The  liquid  was  heated  to  boiling,  barium  chlorid  was  added, 
and  the  determination  completed  in  the  usual  wa}'. 

Instead  of  the  1  per  cent  hydrochloric  acid,  water  was  use<l  in  several  cases,  but  it 
was  found  to  dissolve  oi^anic  matter  which  was  afterwards  oreinpitated  on  coming 
in  contact  with  the  acid. 

No  sulphur  as  sulphates  was  found  in  the  following  materials:  C-om,  peas,  green 
millet,  timothy  hay,  com  silage,  peanuts. 

Sulphur  as  sulphates  was  found  in  the  following:  Oats  (trace),  crimson  clover 
straw,  0.003  per  cent;  cotton-seed  meal,  0.001  per  cent;  green  eowpea  vines,  0.085 
per  cent. 

«Landw.  Versuchs.  Stat.  19:  172  (1876). 
6Ber.  d.  chem.  Ges.  19:  261  (1886)  Ref. 
^^Biedermann's  Central-Blatt,  555  (1891). 
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Determination  op  CnLOBiN. 

The  writer  has  already  called  attention  to  the  fact  that  chlorin  as  well  as  sulphur 
will  be  Yost  m  burning  a  plant  substance  to  an  ash  by  itself.  It  will  appear  later 
that  the  loss  is  due  to  decomposition  of  the  chlorids  by  the  heated  organic  matter. 

Chlorin  was  determined  in  a  number  of  substances  in  two  ways,  namely,  in  the  ash 
as  prepared  in  the  usual  way  and  by  fusion  of  the  plant  material  with  sodium 
hydroxid,  a  method  which  will  be  described  in  full  later  on  in  this  paper.  The 
results  of  the  determination  are  as  follows: 

Table  VIII. — Cldorin  in  phinU, 


Material. 


Com 

Pea« 

Peas,  Nf ).  2 

OaLs 

OaLs,No.2 

Peaniite 

CotU)n-8eed  meal 

O)tton-seed  hullH 

Linseed  meal 

Millet 

Com  silage  (<lr>) 

Green  rapt?  (dry) 

Green  peas  (dr>') 

Sweet  p()tatfx>s  (dry) . 
Timothy  hay 


Ash 
method. 

Sodium 
hydroxid 
method. 

iVr  cent. 

Pvr  cnit. 

Trace. 

0.040 

.oa^ 

.008 

.001 

.012 

.005 

.097 

.001 

.056 

.008 

.017 

.oas 

.032 

.005 

.018 

.010 

.029 

.120 

.187 

.310 

.007 

1.261 

1.290 

.160 

.205 

.341 

.362 

.864 

.888 

It  is  evident  that  a  considerable  proportion  of  the  chlorin  in  plants  may  be  lost  in 
burning  them  to  an  ash,  particularly  when  there  is  only  a  small  quantity  of  chlorin 
in  the  i)lant. 

The  cause  of  the  loss  is  shown  by  the  work  of  Da  vies,  reported  in  the  Journal  of 
the  Society  of  Chemicral  Industry. «  He  experience<l  similar  losses  when  sugar, 
starch,  or  filter  paper  was  ignited  with  sodium  chlorid.  The  alkalinity  of  the  ash 
was  evidence  that  no  base  had  l)een  lost,  and  if  the  sodium  chlorid  was  added 
after  the  sugar  had  been  charred,  and  the  ignition  then  completed,  no  loss  took 
place;  that  is  to  say,  the  loss  took  place  during  the  initial  stages  of  the  com- 
bustion, and  not  during  the  time  the  carbon  was  being  burned  off,  and  was  probably 
due  to  the  decomposition  of  the  chlorids  by  the  hot  vapors  from  the  organic  matters. 
Extracting  the  material  with  hot  water  after  charring  and  then  completing  the  com- 
bustion can,  therefore,  have  no  efiect  on  the  loss  of  chlorin,  since  it  takes  place  before 
the  extraction.  When  soilium  mrbonate  eciuivalent  to  5  per  cent  of  the  organic 
matter  was  added  to  the  material,  the  loss  of  chlorin  was  prevented. 

Three  methods  for  the  determination  of  chlorin  in  plants  were  tested. 

(1)  IgnitUm  of  the  material  tviih  calcium  acetate. 

Five  grams  substance  were  moistened  with  20  cc  of  a  solution  of  ('alcium  acetate 
containing  0.56  gram  calcium  oxid,  evaporated  to  dryness,  and  ignited.  The  ash 
was  dissolved  in  nitric  acid,  filtered,  and  t^hlorin  determined  in  the  filtrate  by  the 
Vol  hard  method.  On  account  of  the  very  small  quantity  of  chlorin  present  in  many 
of  the  substances,  a  gravimetric  method  could  not  be  used  as  the  i)recipitate  would 
not  coagulate.     The  results  by  this  methcxl  are  low  (Table  IX). 


«Jour.  Soc.  Chem.  Ind.,  20:  IW  (1901). 


Digitized  by 


Google 


27 


(2)   Fusion  with  sodium  hydroxid. 

Five  grams  substance  were  mixed  thoroughly  with  10  cc  of  a  solution  of  100 
grams  caustic  soda  in  200  cc  water,  evaporated  to  dryness,  and  finally  fused.  A 
nickel  crucible  was  used  for  a  portion  of  the  work  and  silver  crucibles  for  the 
remainder,  due  care  being  taken  to  prevent  silver  from  being  detached  from  the  cruci- 
ble. It  is  better  to  use  nickel  crucibles,  as  there  is  always  a  little  danger  of  small 
particles  of  silver  being  detached.  The  melt  was  dissolved  in  water,  neutralized 
with  nitric  acid,  filtered,  and  chlorin  determined  in  the  filtrate  by  the  Volhard 
method. 

The  method  yields  satisfactory  results,  but  it  is  long,  and  the  crucibles  wear  out 
rapidly. 

(3)  Ignition  unih  sodium  carbonate. 

Five  grams  substance  in  a  platinum  dish  are  impregnated  with  20  cc  of  a  5  per 
cent  solution  of  sodium  carbonate,  evaporated  to  dryness,  and  ignited  as  thoroughly 
as  possible.  The  residue  is  extracted  with  hot  water,  filtere<l,  and  washed.  It  is 
returned  to  the  platinum  dish,  ignited  to  an  ash,  dissolved  in  nitric  acid,  and  the 
chlorin  determined  by  the  Volhard  method. 

In  one  or  two  cases  the  filtrate  from  the  first  extraction  was  yellow  from  organic 
matter.  It  was  returned  to  the  dish  with  the  charred  residue,  evaporated  to  dry- 
ness, and  ignited.  The  residue  burned  very  readily  to  a  white  ash.  The  sodium 
carlx>nate  method  gives  as  accurate  results  as  the  method  of  fusion  with  caustic  soda, 
and  as  it  is  shorter  and  easier,  it  is  to  be  recommended  for  use. 

The  results  by  the  three  methods  are  contained  in  the  following  table: 

Table  IX. — Methods  for  chlorin. 


Material. 


Corn 

Millet 

Com  silage 

Ck)tton-9eed  meal 
Cotton-seed  hulls 
Green  peas 

Oats 

Timothy  hay 


Ignition 

with 
calcium 
acetate. 


Fusion  I   Ignition 

with  with 

caustic  I    sodium 

soda.  carbonate. 


Per  ctiil. 
0.002 


.031 
.010 
.215 


.870 


rr  end. 

Per  cent 

0.040 

0.027 

.010 

.026 

.165 

.188 

.171 

.194 

.204 

.616 

.610 

.599 

.032 

.020 

.013 

.017 

.197 

.228 

.212 

.239 

.056 

.914 

.897 

.878 

.911 

.872 

Rbcommbndations. 

The  referee  makes  the  following  recommendations: 

(1)  Either  that  the  method  of  fusion  with  sodium  hydroxid  and  sodium  peroxid 
be  adopted  as  a  provisional  method  by  this  association,  or  else  that  the  referee  on 
ash  be  requested  to  make  a  further  study  of  the  fusion  methcxi. 

(2)  That  the  method  of  determining  chlorin  by  ignition  with  8o<lium  carl)onate 
be  adopted  as  a  provisional  method. 


The  President.  Next  in  order  will  be  the  report  on  potash, 
will  now  listen  to  that  report. 


We 
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REPORT  OK  POTASa 
By  H.  B.  McDonnell,  Referee., 

The  work  on  potash  was  not  taken  up  until  aiter  the  appearance  of  the  proceed- 
ings of  the  association  for  last  year,  and  the  work  was  necessarily  planned  rather 
hurriedly  and  without  the  careful  preliminary  work  that  is  desirable. 

Early  in  August  a  circular  letter  was  sent  out  inviting  cooperation  in  the  work, 
and  favorable  replies  were  received  from  12  laboratories,  with  requests  for  samples. 
Reports  have  been  received  from  9  laboratories,  so  that,  including  that  of  the  referee, 
10  laboratories  are  represented  in  the  work,  and  14  chemists. 

It  was  recommended  at  the  meeting  last  year  (1)  that  the  causes  of  low  results 
obtained  by  the  official  method  be  investigated,  (2)  that  the  milk-of-lime  method 
be  submitted  for  investigation  for  the  ensuing  year,  and  (3)  that  our  method  of 
determining  moisture  in  potash  salts  be  compared  with  the  German  method. 

The  following  directions  were  sent  out  with  the  samples: 

DiKEcrrioNH  for  the  A.  O.  A.  C.  Potash  Work,  1902. 

The  bottles  sent,  with  samples  to  l)e  prepared  therefrom,  are  as  follows: 
Bottle  1,  K,S04,  chemically  pure;  bottle  2,  kainit;  bottle  A,  acid  phosphate;  bottle 
B,  blood;  bottle  C,  fish. 
Sample  1,  KgS04,  chemically  pure. 
Sample  2,  kainit. 
o„^,o«  o/lO  per  cent  No.  1. 
^*"^P*^'^90^rcentA. 
ri 1     A2b  per  cent  No.  2. 

1 10  per  cent  No.  1. 

Q^ 1,  K  50  per  cent  A. 

^*^P^«^20^rcentB. 
120  per  cent  C. 
[25  i)er  cent  No.  2. 

o„^  1^  J  40  per  cent  A. 

Sample  6  20  {>er  cent  B. 
115  per  cent  C. 

Compare  flasks  with  pipette  before  use. 

Ingredients  to  be  weighed  separately  into  graduated  flasks.  Total  chai^ge,  10  grams 
for  50G-CC  flasks  and  5  grams  for  250-cc  flasks. 

Note  if  250-cc  or  500-cc  flasks  are  used.  Use  former  size  for  first  test,  the  latter 
for  duplicate.  Referee  recommends  the  optional  use  of  250-cc  flask  and  5-gram 
charge. 

Rejxjrt  result  of  blank  test  on  PtCl^  solution  with  number  of  cubic  centimeters. 
Report  cubic  centimeters  PtCl4  used,  and  strength. 

Test  samples  1  and  2  by  the  oflicial  method. 

Test  samples  3,  4,  5,  and  6  by  Lindo-Gladding  method. 

Test  samples  3,  4,  5,  and  6  by  milk-of-lime  method,  as  used  last  year. 

Tej't  samples  3,  4,  5,  and  6  by  the  following  method:  Boil  with  water  as  in  the 
Lindo-Gladding  methotl,  add  ammonia  in  slight  excess,  then  Bad,  solution  in  slight 
excess,  then  ammonium  carbonate  solution  m  slight  excess  to  precipitate  excess  of 
barium;  cool,  make  up  to  volume,  mix,  filter  a  portion,  using  a  dry  filter,  transfer  50 
cc  to  a  dish  (may  be  of  porcelain),  evaporate  to  dryness,  heat  carefully  on  hot  plate 
or  in  air  bath  (so  that  loss  will  not  occur  by  decrepitation  on  ignition),  ignite  to  dull 
redness  over  Bunsen  burnei,  add  about  25ccof  hot  water,  filter  and  wash  into  a 
dish,  add  excess  of  platinum  solution,  evaporate  and  treat  as  usual. 

Determine  moisture  in  1  and  2  by  ofiicial  method. 

Determine  moisture  in  1  and  2  by  heating  to  dull  redness. 

The  CJennan  method  for  concentrated  salts  is  to  heat  10  grams  of  the  sample  in  a 
covered  platinum  crucible  for  about  10  minutes,  with  small  flame  to  dark-red  heat. 
In  salts  rich  in  MgCl,  avoid  dec()m]X)sition  and  loss  of  chlorin  by  covering  the  sub- 
stance with  freshly  ignited  lime,  or  else  the  chlorin  is  determitied  before  and  after 
ignition,  and  correction  is  made  for  its  loss,  imying  attention  at  the  same  time  to  the 
al)Sorption  of  oxygen. 
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Referee  will  test  A,  B,  and  C  for  potash,  and  will  determine  moisture  in  1  and  2, 
and  also  in  a  few  samples  of  commercial  potash  salts,  by  heating  in  a  combustion 
tube  and  absorbing  the  water  in  CaClj. 
Please  have  results  in  by  September  27,  as  the  association  will  meet  on  October  2. 

H.  B.  McDonnell,  College  Park,  Md., 

Referee. 
H.  D.  Habkinb,  Amherst,  Mass., 

A890ciaie  Referee, 

Results  op  Cooperative  Work  on  Potash. 

The  results  reported  are  given  in  detail  in  the  following  tables: 

Table  I. — Results  of  determincUioti  of  potash  in  samples. 


Official  method. 

Lindo-Gladdinsr  method  with  HCl. 

Analyst. 

Sample 
No.  1. 

Sample 
No.  2. 

Sample  1  Sample 
No.  3.     1    No.  4. 

Sample 
No.  5. 

Sample 
No.  6. 

H  B  McDonnell  Maryland 

PerccnL 
53.96 
54.25 

Per  cent. 
12.22 
12.12 

Percent. 

Percent. 
3.07 
3.07 

Percent. 

Percent. 

Mean                           .           ... 

54.12 

12.17 

1 



T.  R.  Goueh.  Mairland 

54.56 
54.55 

11.96 
12.08 

Mean 

a  54. 55 

12.02 

H.  D.  Haskins,  Maseachusetts 

a63.39 

11.95 

■ 

M.  H.  Plngree,  Pennsylvania 

54.00 
54.10 

.      12.20 
12.24 

1 

Mean 

54.05 

12.22 

John  8.  Burd,  U.  S.  Dept.  Agr 

53.94 
63.74 

12.  W 
12.02 

; 

1 

Mean 

63.84 

12.08 

54.08 

12. 14 

1 

1 

M.  G.  Donk,  Florida 

53.90 
53.90 
53.92 
53.88 

11.70 
11.70 
11.66 
11.66 

1 

Mean 

53.90 

11.68 

1 

Geo.  ftoberts,  Kentucky  « 

54.08 
54.00 

12.10 
12.08 

1 

1 

Mean 

51.04 

12.09 

F.  B.  Carpenter,  Richmond,  Va 

54.06 

54.0) 

a  53. 13 

12.08 

11.98 

fll2.67 

6.02 
5.12 

2.90 

Geo.  A.  Hanvey,  Richmond,  Va 

2.M 

5.30              3.06 

C.  Glaser,  Baltimore,  Md 

1 

G.  W.  Lehman,  Baltimore,  Md 

a  653. 99 

a653.90 

a52.88 

«t63.04 

a  11. 18 
a  11. 08 

General  average -^,-,-^ ,., 

54.02 

12.04 

, 

a  Omitted  from  general  average.        6  Not  washed  with  NH4CI.        c  Ck)mmentB  by  A.  M.  Peter. 


Digitized  by 


Google 


30 


Table  II. — JiemtJl^i  of  determinalion  of  jH>tanh  in  mmples. 


Lindo-Gladding  u 

lethod. 
A. 

Analyst. 

Sample 
No.  3. 

Hample 
No.  4. 

Sample 
No.  5. 

Sample 
No.  6. 

B. 

c. 

H.  B.  McDonnell,  Miiryland  . . . 

Percent. 

5.01 

a5.05 

Percaii. 

2.86 

0  2.73 

Per  caU. 

5.25 

n5.19 

Per  cent. 

2.97 

a3.09 

Per  cent. 
0.06 
a. 08 

Percent. 
0.25 
a. 26 

J^ccnL 
0.69 
a.  67 

Mean 

5.03 

2.80 

5.22 

3.03 

.07 

.26 

.68 

T.  R.  (Joiigh,  Maryland 

5.32 
6.38 

3.16 
3.21 

5.79 
5.72 

3. -28 
3.27 

.20 
.24 

.21 
.21 

.68 
.56 

Mean 

5.35 

3.19 

«>5.76 

3.28 

.22 

.21 

.65 

H.  D.  HtuikinH,  MatMU'huMettK. . 

04.78 

2. 72 

4.98 

2.74 

1 

M.  H.  I*ingn»e,  Pennsylvania  . . 

5.06 
5.08 

3.05 
2.99 

^5.31 
r^.  31 

d3.05 
rf3.00 

Mean 

«5.07 

3.02 

'•5.31 

8.03 

John  S.  Burd,  V.  iS.  I)epl.  Ajfr. . . 

5.08 
rt5.14 

2.83 
«2.93 

6.15 
n5.19 

3.04 
«3.05 

Mean 

5.11 

2.88 

5.17 

3.  OS 

! 

'  , 

B.  F.  Robertson,  South   Caro- 
lina   

5.26 

2.93 

5.33 

2.99 

M.  G.  Honk,  Florida 

5.01 
6.06 
5.02 
4.99 

2.73 
2.76 
2.60 
2.M 

5.24 
5.27 
5.27 
5.28 

2.93 
2.95 
3.01 
3.03 

1 

1 

1 

Mean 

h.W. 

2.66 

5.27 

2.98 

!              1 

Geo.  RobertH,  Kentucky/ 

5.03 
5.04 

2.90 
2.75 

5. 22 
5.26 

3.07 
3.  a') 



Mean 

5.04 

2.83 

5.24 

3.06 

F.  B.  Carpenter,  Richmond.  Vh. 

5.01 

2.70 



G.  A.  Hanvey,  Richmond,  Va  . . 

5.09 

2.77 

5.17 

2.97 

1 



G.  W.  Lehman,  Baltimore,  Md 

4.87 
4.90 
4.99 
4.95 

i.frt 
2.69 

5.13 
5  15 

2.73 
2.81 

1 

1 

Mean 

4.93 

2.67 

5.14 

2.77 

Average 

Theory 

5.09 
5.46 

2.8;^ 
3.06 

5.20 
5.62 

2.99 
3.19 

"250-cc  flask. 

b  Omitted  from  average. 

<■  Ignition  with  H-S04  and  nolution  in  water,  6.49  and  5.47. 

d  Ignition  with  H.HSO4  and  solution  in  waWr,  3.25  and  3.09. 

«•  Tsed  analyst's  acid  phosphate. 

/Comments  by  A.  M.  Peter. 
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Table  III. — Results  of  determincUkm  of  potash  mmmple». 


BaCls-Am«COs  method. 

M 

Sample 
No.  3. 

Ik-oMii 

Sample 
No.  4. 

PercL 

2.91 

a2.93 

le  method. 

Aualj'st. 

Sample 
No.  3. 

Sample 
No.  4. 

Peret, 

2.82 

a  2. 82 

Sample 
No.  5. 

Sample 
No.  6. 

Sample 
No.  5. 

Perct. 

Sample 
No.  6. 

H  B  McDonnell  Marvland 

Perct. 

5.02 

«5.12 

Perct. 

5.27 

a  5. 31 

Peret. 

3.03 

«3.13 

PcreL 

5.M 

a5.03 

Per  ct. 

Mean 

5.07 

2.82 

5.27 

3.08 

6.04 

2.92 

T.  R.  Gough,  Maryland 

a  5. 18 

«4.83 

4.91 

a  3. 14 

rt2.77 

2.70 

2.70 

a4.92 
4.97 

CI5.17 
5.27 

a  2. 87 
2.75 
2.95 

a  5. 28 
6.24 

a2.90  1    a6.40 
2.88  1      6.21 

a  3. 76 

3.63 

1 



Mean 

4.97 

2.82 

5.08 

2,86 

5.26 

2.89  I      6.31 

3.69 

H.  D.  Haflkins,  Ma»«chu»ett8 

4.98 

'i.m 

5.27 

2.96 

4.77 

2.73  ,      5.99 

3.65 

M.  H.  Plngree,  Pennsylvania 

5.02 
a  5. 14 

3.08 
a  3. 01 

5.25 
«5.38 

1       1.97 

'   a6.08 

2.99         5.22 
a2.96      a6.20 

3.16 
a  3. 02 

Mean 

«5.08 

«3.05 

a  5. 32 

a3.09 

a6.00 

a  2. 98  1    a  5. 21 

<t3.09 

John  S.  Burd,  United  States  Dei>art- 
ment  of  Agriculture                . .  . 

4.97 
a4.92 

2.76 
«2.73 

5.39 
«5.20 

2.77 
a  2. 83 

1 

1 

Mean 

4.95 

2.75 

6.30 

2.80 

1 

1                1 

B.  F.  Robertson,  South  Carolina 

5.28 

3.04 

5.31 

3.01 

5.33 

3.01 



M.  G.  Donk,  Florida 

5.11 

2.71 

6.22 



2.96 

4.88 
4.90 

2  72      bF».4H 

ft  3. 02 

2.75 

ft  5. 50 

ft3.08 

1 

Mean 

4.89 

2.74  1      5.49 

3.05 

G.  A.  Hanvey,  Richmond,  Va 

4.93 

2.84 

6.08 

3.06 

5.06 

2.95 



AvpTHgp 

5.04 
5.46 

2.87 
3.06 

5.23 
6.62 

2.97 
3.19 

5.05 
6.46 

2.88 
3.06 

6.75 
6.62 

3.37 

Theory 

3.19 

«250-ce  flask,    ft  Organic  matter  destroyed  before  making  solution. 
Tablr  IV.  -Moisture  in  2Jotash  salts. 


Analyst  and  methfxl. 


C.G.  Church,  Marj'Iand:  com- 
bustion tube  and  CaCU 


.  R.  Gough,  Maryland: 
100°C 


130°  O. 


Red  heat . 


M.  G.  Donk,  Florida: 
Official 


Percent. 


Ignition . 


0.06 
.05 

.01 
.00 
.00 
.00 
.09 
.09 

.00 
.00 
.07 


9806 
(Md., 
com.), 

KCl. 


Percent. 


9807 
(Md., 
com.), 
KjSO,. 


9818 
(Md.. 
com.), 

KCl. 


9975 
(Md.), 
kainit. 


10275 

(Md., 

com.), 

NaCl and 

KCl,  12 

per  cent 

KjO. 


Pei'  cent,    l^-r  cent.    Per  cent.  '  Per  cent. 


I 


1 


12.84 

1.91 

0.81 

3.15 

11.65 

3.28 

12.64 

1.70 

.98 

3.19 

11.88 

3.33 

1.71 

.84 

.32 

1.80 

1.40 

2.73 

1.74 

.90 

.31 

1.85 

1.48 

2.68 

6.60 

1.60 

.73 

2.97 

5.37 

3.00 

6.65 

1.59 

.73 

2.9.5 

5.26 

3.08 

13.20 

1.61 

1.10 

3.35 

11.81 

3.35 

13. 15 

1.65 

1.10 

3.20 

11.90 

3.33 

4.24 

4.27 

14.68 
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Table  IV. — Moishire  inpoUvsh  mita — Continued. 


Aualystaiid  method. 


C.  Glaser,  Btiltimorc,  Md.: 

lOOoc 

Ifniition  on  hot  plate 

G.  W.  Lehman,  Baltimore,  Md, 

130°C 

Dull  red  heat 


Percent. 

0.03 

.09 

.00 

.08 


Per  cnU. 
2.63 
12. 17 

7.37 
14.31 


9806 
(Md.. 
eom.), 

KCl. 


9807 
(Md.. 
fom.), 
K2SO4. 


I  9818 

,  (Md.. 

I  com.), 

I  KCl. 


I  I 

Per  cent.  \  Per  cent. !  Per  cent. 


9975 
(Md.). 
kainit. 


Per  cent. 


10275 

(Md., 

com.), 

NaCl  and 

KCl.  12 

per  cent 

K^ 


Per  cent. 


COMMENTS  OK   ANALYSTS. 

H.  D.  ITaskinSy  MassachuseUs, — Ten  grams  to  500  cc  were  used  for  the  tests;  for  the 
duplicates  5  grams  to  250  cc  were  used.  In  the  last  set  of  determinations,  by  the 
new  or  last  method,  duplicates  were  not  run  on  account  of  there  being  an  insufficient 
amount  of  the  acid  phosphate  or  bottle  A. 

if.  H.  Pinffree^  Pennsylvania, — The  first  results  were  obtained  from  solutions  of  10 
grams  made  up  to  500  cc;  the  second  represent  solutions  of  5  grams  made  up  to 
25C  cc.  The  amount  of  acid  phosphate  sent  by  referee  being  too  small  to  complete 
the  work,  a  similar  sample  found  to  contain  0.10  per  cent  KjO  was  sutetituted,  as 
noted  in  Table  III  (foot-note  e) .  The  samples  of  kainit,  fish  scrap,  and  dried  blood, 
represented  by  the  number  2  and  the  letters  C  and  B,  were  ver\'  coarse  and  gave  me 
considerable  difficulty  in  obtaining  uniform  samples. 

John  S.  Burdj  United  Slate*  Department  of  Agriculture, — You  will  observe  the  absence 
of  results  by  the  **lime  method,"  and  I  have  to  report  lack  of  success  with  same  in 
that  I  was  unable  to  dissolve  the  excessive'  quantities  of  lime  salts  by  the  use  of  the 
ammonium  chlorid  washing  mixture.  Moisture  in  No.  1,  official  method,  0.01  per 
cent;  by  German  method,  0.10  per  cent.  Moisture  in  No.  2,  by  official  method: 
The  sample  did  not  attain  constant  weight  after  thirty -six  hours  at  130°  C. ;  I  there- 
fore give  the  losses  as  recorded  at  six-hour  inter\'als  for  that  period:  6.46,  7.08,  8, 
8.15,  and  8.28  per  cent.  Moisture  in  No.  2,  German  method  (with  lime),  12.48  per 
cent. 

A.  M.  Peter,  Kentucky, — I  am  opposed  to  reducing  the  amount  to  be  weighed  out 
for  potash  in  mixed  fertilizers.  Ten  grams  is  none  too  large,  and  the  use  of  a  small 
quantity  would  tend  to  introduce  irregularities  from  irregular  distribution  of  the 
potash  salts  in  the  samples,  even  when  carefully  prepared.  I  believe  it  would  be 
better  to  increase  the  amount  of  water  use<i  in  boiling  up  the  sample.  In  the  case 
of  potash  salts  the  quantity  weighed  out  might  be  reduced  and  the  amount  of  water 
remain  the  same.  This  is  our  usual  practice  in  this  laboratory,  and  Mr.  Roberts  has 
followed  it  in  his  work.  Allow  me  to  suggest  also  that  the  two  series  of  experiments 
which  you  propose  for  testing  the  relative  merits  of  the  use  of  500  and  250-cc  flasks 
will  give  you  no  data  upon  the  real  point  at  issue.  When  you  are  dealing  with  pure 
salts,  as  in  these  experiments,  it  is  immaterial  whether  you  weigh  out  10  grams  and 
make  up  to  500,  or  5  grams  and  make  up  to  250  cc,  but  in  a  mixture  the  larger  quan- 
tity is  more  likely  to  give  a  true  result. 

M,  G,  Donk,  Florida,— Ten-graja  charges  were  useii  in  each  case,  as  the  hygro- 
scopic nature  of  the  kainit  would  not  allow  weighing  of  less  than  2.5  grams  with 
accuracy.  The  ignited  residue,  after  evaporation  with  sulplmrio  acid  was,  with  sam- 
ples 3,  4,  and  6,  not  perfectly  soluble  in  hot  water  acidified  with  HCl,  but  a  minute 
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gelatinoas  residue  had  Uy  be  filtered  off.  The  milk  of  lime  metho<l  carried  out 
according  to  directions  on  page  18(c)  of  last  year's  Proceedmgs"  gave  a  pure  Kj,PtCP 
precipitate  with  3  and  4,  but  the  dissolved  organic  matter  in  5  and  6,  on  evaporation 
with  platinum  solution,  left  an  impurity  which  no  amount  of  washing  would 
remove.  The  K,PtCle  crystals  also  were  colored  deep  brown  by  this  same  impurity. 
The  results  were  so  far  out  that  I  left  them  out  df  the  table.  Those  in  the  table 
are  results  obtained  by  the  method  described  on  page  20  of  last  year*s  Proceed- 
ing&a  In  this  case  also,  although  the  material  was  ignited  to  redness  till  all  sul- 
phuric acid  had  been  volatilized,  the  same  trouble  was  met  with,  though  much  less 
pronounced.  The  crystals  in  this  case  were  apparently  pure,  only  the  mat  of  the 
Gooch  being  colored.  After  weighing  the  Gooch  and  precipitate,  I  dissolved  the 
crystals  with  hot  water  and  made  a  second  weighing  to  correct  for  the  oi^anic  matter 
present,  but  no  increase  in  weight  could  be  detected  on  account  of  the  coloring  matter. 

F.  B.  Carpenter ^  Richmond,  Va. — All  of  the  results  are  considerably  l^elow  what  we 
would  expect  With  results  marked  '*IIC1"  the  Lindo-Gladding  method  was  fol- 
lowed, with  the  exception  that  5  cc  of  HCl  was  added  to  the  solution  before  boiling. 
While  the  average  of  these  results  are  a  little  higher  than  those  obtained  by  other 
methods,  there  does  not  seem  to  be  the  difference  that  we  usually  have  obtained  in 
our  previous  experimental  work  with  this  modification.  I  trust  some  of  the  mem- 
bers of  the  association  will  be  able  to  make  some  modification  of  the  method  now 
in  use  which  will  give  theoretical  {)ercentages.  As  you  will  see,  this  is  quite  a  serious 
question  from  the  standpoint  of  the  manufacturer. 

G.  W.  Lehmann,  Baltimore,  Md.— On  sample  No.  1,  when  precipitate  was  washed 
with  95  per  cent  akn^hol  only,  results  were  53.99  and  53.90  per  cent  K-^O.  When 
washed  with  80  per  cent  alcohol  and  25-cc  portions  of  NH4CI  solution,  as  in  official 
method,  results  were  52.88  and  53.04  per  cent.  Determinations  on  No.  3  were  made 
four  times,  because  the  figures  found  did  not  correspond  with  the  calculations,  and 
I  am  absolutely  at  a  loss  to  account  for  the  discrepancy. 

C  G.  Church,  Maryland. — Moisture  by  combustion  and  absorption.  In  each  case 
10  grams  of  the  sample  were  heated  at  a  low  red  heat  in  a  hard  glass  tulje  in  an  ordi- 
nary combustion  furnace,  and  the  inoisture  thus  liberated,  absorbed  by  passing  it 
through  a  U  tube  containing  CaCl^.  The  tube  was  w^eighed  Iwfore  and  after  the 
combustion,  and  the  difference  calculated  as  moisture.  The  average  time  of  com- 
bustion per  sample  was  twenty-five  minutes.  Samples  Nos.  2  and  9975  show  such  a 
laiige  percentage  that  it  w^as  thought  that  some  chlorin  might  have  been  absorbed. 
This  was  tested  by  passing  dry  chlorin  through  the  CaCl.2  tube.  In  two  experiments 
there  was  practically  no  increase  in  the  weight  of  tlxe  tube.  Three  results  were 
obtained  on  No.  2,  but  only  two  were  concordant. 

COMMENTS   OF  REFEREE. 

The  new  method  sent  out,  which  is  a  modification  of  the  alternate  method,  has 
been  used  by  me  occasionally  for  some  years  to  check  results  by  the  Lindo-Glatlding 
method,  and  has  always  given  fairly  concordant  results.  The  ignition  of  the  residue 
is  free  from  the  frying  and  sputtering  that  takes  place  in  the  latter  method,  which 
often  causes  us  to  fear  that  potash  is  lost  m  the  fine  spray  of  acid  that  is  thrown 
up.  The  ignited  residue  is  usually  completely  soluble,  except  where  much  organic 
matter  is  present. 

The  milk  of  lime  method  is  rapid,  till  one  comes  to  washing  the  final  precipitate, 
where  the  large  amount  of  lime,  salts,  etc.  is  troublesome.  The  method  is,  of  course, 
not  applicable  to  samples  containing  organic  matter,  like  samples  5  and  6,  or  ammo- 
nium salts,  unless  such  samples  are  first  ignited,  as  has  already  been  pointed  out  by 
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the  originators  of  the  method.  This  limited  apphcation  of  the  method  is  a  very  seri- 
oiiH  objection  to  it,  esix^cially  in  States  that  require  the  potash  to  >)e  soluble  in  water. 

The  results  further  emphasize  the  fat't  that  our  methods  fail  to  recover  all  of  the 
potash  fnnn  mixinl  fertilizers,  especially  those  containing  acid  phosphate.  The 
close  agi-eement  among  all  the  methods  certainly  proves  that  the  loss  is  due  either 
to  the  fact  that  some  of  the  j)ota8h  forms  an  insoluble  compound  with  silica  or  other 
Substance  prest^nt,  or  that  it  is  "occluded"  in  the  precipitate  of  phosphates,  etc. 
Further  work  shoidd  be  directed  to  the  matter  of  getting  the  })ota6h  in  solution. 
The  low  results  an^  certainly  independent  of  the  size  of  the  iiask  in  which  the  solu- 
tion is  made.  The  theory  that  has  Ixen  a<lvanced  that  the  potash  salts  are  more 
liable  to  run  in  streaks  in  a  sample  than  are  the  other  ingredients,  making  it  neces- 
sary to  weigh  out  a  much  larger  sample  for  that  determination,  I  believe  to  be  erro- 
neous. Any  irregularity  in  the  potash  salt  surely  will  affect  the  nitrogen  and  phos- 
phoric acid  in  the  same  ratio  that  it  does  the  p<jtash.  Our  concordant  results  on 
nitrogen  with  1-gram  charges  and  phosphoric  acid  with  2-gram  charges  certainly  is 
sufficient  argmnent  against  such  a  theory. 

A  copy  of  the  method  of  analyzing  potash  salts,  as  prat^ticed  by  the  (ierraan 
chemists,  was  kindly  furnished  by  Mr.  von  Ilerff.  Two  salient  features  of  the 
methods  are  the  weighing  out  of  a  charge  of  such  size  that  the  final  weight  of  the 
precipitate  will  show  the  jxin^entage  without  calculation,  and  also  the  fact  that  they 
change  the  jwtash  to  the  form  of  chlorid,  by  precipitating  the  sulphuric  acid  by 
barium  chlorid,  before  adding  the  platinum  solution. 

To  get  the  theoretical  percentage  of  potash,  as  given  in  the  tables,  the  averages  of 
results  on  samples  1  and  2  were  taken,  to  which  was  added  the  amount  of  potash 
derived  from  the  other  ingredients,  as  shown  by  the  analyses  of  the  referee.  The 
average  results  of  the  different  methoiis  agree  very  closely,  and,  averaging  all  results, 
the  average  loss  of  potash  in  Nos.  3  and  4,  in  which  10  per  cent  of  sulphate  of  potash 
was  used,  was  0.40  per  cent,  or  a  little  over  7  per  cent  of  the  total  amount  present. 
The  average  loss  in  samples  Nos.  4  and  6,  containing  25  percent  of  kainit,  is  0.20  i)er 
cent,  or  slightly  less  than  7  i)er  cent  of  the  total  amount  present. 

While  the  determination  of  moisture  is  of 'minor  importance  to  the  fertilizer 
in8pe{!k)r,  the  important  one  being  the  content  of  the  valuable  constituents,  it  is 
desirable  that  our  methods  in  this  respect  give  accurate  results.  Probably  this  may 
be  attained  in  the  case  of  salts,  though  it  will  certainly  Ik*  a  difficult  problem  in  the 
case  of  mixtures  of  organic  compounds  with  potash  compounds  like  kainit.  The 
combustion  method,  absorbing  the  water  in  cAlciu^ii  chlorid,  is  easy  of  application, 
and  I  think  will  give  good  results,  but  needs  further  trial. 

For  recovering  waste  platinum,  I  prefer  to  keep  the  precipitates  and  filtrates  sepa- 
rate. The  precipitates  are  treated  with  hot  water  and  the  asbestos  t-eparated  by  fil- 
tration, the  filtrate  being  acidified  with  hydrochlorc  acid  and  a  little  pure  granulated 
zinc  added  to  effect  the  reduction. 

The  alcohol  filtrate  is  concentrated  by  evaiK)ration  and  treated  in  the  same  way. 
The  ammonium  chlorid  filtrate,  which  is  caught  in  another  filter  bottle,  is  thrown 
away,  as  the  amount  of  platinum  in  it  is  very  minute. 

Rectom  .m  en  dations. 

The  referee  recommends: 

(1)  That  further  experiments  l)e  ma<le  for  the  purpose  of  determining  a  method 
that  will  dissolve  all  of  the  j)otash  in  n)ixed  fertilizers. 

(2)  That  further  experiments  be  conducted  with  nu*th(Mls  for  determining  moisture 
in  jKJtash  salt^. 

(S)  That  the  method  of  analysis  shall  give  some  latitude  for  the  judgment  of  the 
analyst  in  regard  to  the  amount  of  substance  taken. 
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The  President.  You  have  heard  the  report  on  potash.  It  has  l)een 
ai^nounced  that  one  paper  on  this  subject  is  to  be  presented,  but  as  it  is 
not  ready  at  this  time  it  will  be  presented  later. 

Mr.  DoNK.  I  wished  to  present  a  paper  on  this  subject,  but  did  not 
have  time  to  write  a  formal  report  and  inchide  the  calculations.  I 
would  like,  however,  to  say  a  few  words  as  to  the  probable  cause  of 
the  low  potash  results  obtained  by  our  present  methods  wdth  mixtures 
containing  acid  phosphate. 

LOW  POTASH  RESULTS  OBTAINED  BY  THE  PRESENT  METHOD  WITH 
MIXTURES  CONTAINING  AOID  PHOSPHATE. 

By  M.  G.  DoNK. 

Working  on  the  comparison  of  methods  for  estimating  ixjtash  in  mixeil  fertilizers, 
carried  out  according  to  the  instructions  of  the  referee,  Mr.  McDonnell,  it  was  not 
possible  with  any  of  the  three  methcxls  compared  to  recover  all  the  ix>tash  a(lde<i  in 
preparing  the  samples.  This  is  in  harmony  with  the  results  of  last  year's  work,  one 
of  the  objects  of  which  was  to  see  if  it  is  possible  with  the  Lindo-liladduig  method 
to  obtain  from  mixtures  of  acid  phosphate  and  potash  salts  the  tht^oretical  amount  of 
potash  added.  The  potash  work  for  1900  also  brought  out  the  fact  that  the  Lindo- 
Giadding  method  fails  to  recover  all  the  potash  in  mixtures  of  jHjtash  and  acid  phos- 
phates. In  1900  the  loss  was  3.92  and  4.95  per  cent,  resixjctively,  with  the  two 
samples  used,  and  in  1901  the  loss  was  6.80  per  c^ent,  while  my  results  for  this  year's 
work  are  no  better.  Thinking  that  the  loss  was  occasioned  by  the  potash  Ixnng  i-ar- 
ried  down  by  the  precipitate  of  interfering  substances,  I  performed  the  following 
experiment: 

Sample  No.  1:  Potassium  sulphate,  0.1  gram,  and  acid  phosphate,',  0.9  gram. 

Sample  No.  2:  Kainit,  0.26  gram,  and  acid  ])hosj)hate,  0.75  gram.  Added  30  cc  of 
water  and  boiled  for  thirty  minutes;  filtered  off  the  insoluble  residue;  washe<l  and 
evaporated  the  filtrate  down  to  30  cc,  when  I  removed  lime,  etc.,  by  the  Lindo- 
Gladding  method.  The  precipitate  I  washed  until  free  from  chlorin  and  sulphate; 
dried  at  100°  C;  pulverized  and  again  wa.shed  until  free  from  sulphate  and  chlorin. 
Dissolved  the  precipitate  with  smallest  post^ible  (juantity  of  hydrochloric  acid,  washed 
and  diluted  filtrate  to  50  cc;  then  reprecipitated  by  addition  of  ammonia  and  a  few 
drops  of  ammonium  oxalate;  filtered,  washed,  and  determined  potash  in  filtrate  by 
Lindo-Gladding method.  Sample  No.  1  gave  0.029  percent  K.^0;  sample  No.  2,  0.071 
per  cent  KjO.  The  early  meeting  of  the  a.**sociation  prevented  my  experimenting 
along  this  line  further,  as  was  my  intention,  and  a  single  test  gives  but  meager  data 
on  which  to  base  an  opinion.  Yet  so  far  as  it  goes  it  tends  to  show  that  potash  is 
occladed  by  the  precipitate  formed  in  the  removal  of  interfering  bodies  in  all  the 
methods  thus  far  tried.  And  this  is  to  be  expected  from  the  nature  of  the  process, 
for  it  is  a  well-known  fact  in  chemistry  that  a  chemically  i)ure  precipitate  can  but 
rarely  be  obtained  from  a  solution  containing  other  salts  than  the  one  it  is  desired  to 
precipitate.  Further,  the  more  concentrated  the  solution  the  greater  the  contami- 
nation of  the  precipitate  by  the  material  in  solution,  and  it  is  for  this  reason  that  I 
agree  with  Mr.  Huston,  who  has  found,  as  statetl  at  the  seventeenth  annual  meeting 
(see  Proceedings,  pp.  15  and  16),  that  the  longer  certain  materials  are  heated  the 
smaller  the  amount  of  potash  found,  owing  to  conciMitration  of  the  potash  solution 
from  which  the  interfering  substances  must  be  precipitated.  For  the  same  reason  a 
higher  percentage  is  obtained  by  his  method  of  pas.'^ing  steam  through  the  Folution 
instead  of  Iwiling,  as  no  concentration  is  thus  possible,  while  mi  increase  in  the  vol- 
ume of  potash  solution  is  brought  about.     This  evil  of  the  i)recipitate  removing  part 
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of  the  potauh  from  the  sohition  is  inherent  in  every  method  thus  far  tried  by  the 
association.  I  wa«  therefore  much  interested  in  a  method  first  brought  to  my  notice 
by  Dr.  Herzog,  of  Gainesville,  Fla.,  in  which  it  is  possible  to  remove  the  potash  from 
the  solution  in  place  of  the  interfering  salts.  This  may  be  done  by  precipitating  the 
potash  a.s  jx^tassium  phosphomolybdate  in  acid  solution.  The  i)oesibilitie8  of  this 
method  have  not  been  sufficiently  tested  to  decide  as  to  its  accoracy,  but  it  appears 
to  me  that  by  properly  studying  the  conditions  influencing  the  precipitation,  as  has 
l)een  done  for  the  optional  volumetric  method  for  jihosphoric  acid,  it  may  be  devel- 
oped into  a  method  by  which  it  is  possible  to  recover  all  the  potash  from  such  mate- 
rials as  make  up  the  mixed  fertilizers  now^  on  the  market. 

I  wish  to  point  out  again  the  want  of  experimental  evidence  as  to  the  statements 
first  made,  and  would  not  have  presented  this  pa[K  r  but  for  the  fact  that  it  may  eug- 
ycct  to  others  investigations  along  this  line.  In  conclusion,  I  wish  to  say  that  if 
there  are  any  meml)ers  present  who  are  in  a  position  to  offer  any  suggestions,  infor- 
niati(m,  or  criticism  on  this  i)roposed  metluMl  1  would  be  very  glad  for  them  to  do 
so,  as  I  am  going  to  study  it  during  the  coming  year. 

The  President.  Is  there  anything  to  be  said  in  response  to  this 
request? 

Mr.  Cavanaugh.  1  may  be  able  to  answer  the  gentleman  who  has 
just  spo^ien  on  the  (juestion  of  potash.  The  graduate  school  of  our 
chemical  department  is  working  on  that  subject,  and  after  one  year 
reports  very  favorable  results  on  the  method  last  mentioned,  carrying 
it  on  as  a  volumetric  method.  The  results  are  agreeing  better  and 
giving  more  satisfaction  than  those  obtained  by  the  Lindo-Gladding 
method. 

Mr.  Jaffa.  Mr.  President,  the  committee  to  wait  upon  the  Secre- 
tarA'and  Assistant  Secretary  of  Agriculture;  and  President  Needham, 
of  Columbian  University,  is  ready  to  report,  as  follows:  The  presi- 
dent of  the  Columbian  University  said  he  would  l)e  glad  to  attend  one 
of  our  scissions.  We  met  the  Secretary  of  Agriculture  on  our  way, 
and  he  said  he  would  be  pleased  to  accept  the  invitation.  The  Assistant 
Secrebiry  is  out  of  town,  but  nmy  return  l)y  Saturday  morning.  We 
will  then  call  and  extend  the  invitation. 

Mr.  Davidson.  I  move  that  we  adjourn  until  1.30  p.  m. 

The  motion  prevailed,  and  the  meeting  adjourned  at  12  o'clock  noou. 

THURSDAY  -  APTERNOON   SESSION. 

The  meeting  was  called  to  order  at  1.30  p.  m. 

The  President.  The  referee  on  foods  and  feeding  stuffs  has 
requested  that  he  be  allowed  to  defer  his  report  until  to-morrow 
morning.     The  next  in  order  wull  be  the  report  on  dairy  products. 

Mr.  CAVANAUCiH.  The  report  on  dairy  products  will  be  a  very  short 
one.  It  will  be  only  an  attempt  to  throw  a  little  light  on  the  difficul- 
ties that  have  been  exi^erienced  in  the  past. 
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REPOBT  ON  DAIET  PBODUOTS. 

By  G.  W.  Cavanaugii,  Re/eref, 

In  1897  Dr.  Van  Slyke,  ay  referee  on  dairy  prcxluctH,  rej)orte<l  results  on  the  deter- 
mination of  albumin  in  cow's  milk.  Three  methods  were  tried.  These  same 
methods,  with  slight  modifications,  were  again  tried  in  1898  and  1899.  In  1900  and 
1901  two  more  metho<ls  were  added.  The  resuhs  of  the  coworkers  have  never  l)een 
satisfactory.     The  following  table  shows  highest  and  lowest  results  reiM)rte<l: 

Table  I. — Determination  of  allmmhi  in  coiv*h  milk. 


Method. 


1897. 


Mini- 
mum. 


Maxi- 
mum. 


Per  (i.  Per  ct. 

0.251  0.370 

.175  .431 

.373    


I 


I 


1898. 


1 


Mini- 
mum. 


I'rrct. 

0.560 

.390 

.440 


Maxi-  I   Mini-     Maxi- 
mum,    mum.  I  mum. 




Per  cl. 

Per  rt. 

Prrct. 

0.660 

0.3;-|0 

0.654 

.460 

.460 

.5r>4 

.600 

1900. 

1901. 

Mini- 

Maxi 

Mini- 

Maxi- 

mum. 

mum. 

mum. 

mum. 

Pcrcl. 

J\r  rt. 

JYr  ct. 

JYr  rt. 

0.140 

0.380 

0.210 

0.328 

.100 

.450 

.240 

.346 

.310 

.m 

.270 

.376 

.S-W 

.610 

.210 

.312 

.0-JO 

.610 

.280 

.312 

During  these  five  years  the  samples  of  milk  were  preserved  with  formalin.  -Van 
Slyke  mentions  the  proportion,  1  cc  of  a  40  per  cent  solution  per  liter.  His  report 
shows  it  to  be  a  good  preservative  for  milk  when  casein  is  to  l)e  determined,  but  no 
figures  were  given  for  albumin.  No  mention  js  made  by  the  other  referees  of  the 
amount  of  formalin  used. 
On  page  114  of  the  Proceedings  for  1901 «  I  find  the  following  resolution: 
Rtiioiredy  That  it  is  the  sense  of  the  association  that  until  a  proiK>s(Ml  new  method 
or  modification  of  an  existing  method  has  been  teHte<l  by  the  referee  with  favorable 
results  it  shall  not  be  submitted  by  him  for  general  test  by  this  association. 

Looking  over  the  results  of  the  last  five  yi^rs,  the  referee  decided  to  try  the  meth- 
ods before  sending  out  samples.  The  present  official  method  was  first  tested  on  a 
sample  of  fresh  whole  milk,  and  one  of  fresh  seimrated  milk.  Samples  for  dupli- 
cate determinations  were  removed  and  then  formalin  was  adde<l  to  preserve  the 
remainder.  The  following  table  shows  the  amounts  of  albumin  found  during  a 
period  of  four  days: 


Second  day|^;  | 


IVr  cent. 

/a.  m 0.525 

.m 508 

ni 468 

.  m 376 

Third  day  ..'. 358 

Fourth  day 157 

Mr.  B.  B.  Turner,  Ph.  I).,  using  the  official  mctliod  on  a  frej?h  sample  found  0.479 
per  cent  and  after  three  days,  with  the  sample  preserved  with  formalin,  0.122  per 
cent.  These  few  figures  are  only  a  sample  of  the  discouraging  results  obtained  in 
the  referee's  lalwratory.  In  looking  for  a  possible  explanation  the  following  facts 
are  observed:  The  existing  official  and  provisional  methods  give  natisfacitory  con- 
cordant results  when  tried  on  fresh  milks.  The  same  methods  in  the  hands  of 
chemists  who  have  reported  to  the  referees  during  the  la.^t  five  years  give  very  unsat- 
isfactory results.  The  milks  were  all  preserved  with  formalin.  In  UKK)  the  lowe.*st 
figure  w^&fl  reporte<l  from  Oregon  to  the  reftTce  in  New  York.  This  agrees  with  the 
referee's  figures  given  above. 


«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bnl.  67. 
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In  the  Zeitwhrift  fur  Physiologische  Cheiiiio,''  Dr.  F.  Blum  calls  attention  to  a 
new  class  ••£  compounds  of  albumin  in  the  following  words: 

A  l\-w  drops  of  formalin  added  t^)  a  solution  of  ej^j;  albumin  ])revent4»  the  eoagula- 
ti«ni  of  the  albumin  by  heat  even  after  the  solution  is  concentrated  and  the  formalin 
driven  off. 

It  needs,  of  course,  demonstration  that  a  similar  effect  is  produced  on  the  albumin 
of  milk,  before  this  offered  explanation  has  much  weight.  To  test  this,  four  por- 
tions of  milk  of  10  (!C  were  set  aside  for  two  days  with  respectively  2,  4,  (J,  and  8 
droj>s  of  formalin.  They  were  then  diluted  with  90  cc  of  water  and  the  official 
method  was  carried  out  as  for  albumin.  The  i)ortions  having  the  smallest  amounts 
of  formalin  showed  a  slight  precipitation  on  boiling.  No.  3  gave  but  a  faint  opales- 
cence, while  No.  4  remaintui  jH»rfectly  clear  even  after  forty-five  minutes'  boiling. 

1  recognize  that  the  preservative  was  addc^l  in  i)roportions  greatly  in  excess  of 
that  necessary  to  preserve  milk.  As  this  i)reservative  is  known  U)  prevent  the  coag- 
ulation of  egg  albumin,  it  seems  (juite  probable  that  a  like  effect  may  occur  with  .milk 
aU)umin.    For  this  reason  the  referee  did  not  send  out  samples  to  other  laboratories. 

The  President.  We  will  now  listen  to  the  paper  on  potash  to  be 
presented  by  Mr.  Ross. 

Mr.  Ross.  I  shall  give  a  l)rief  synopsis  of  the  paper  submitted  by 
Mr.  Hare: 

THE  DETEKIONATION  OF  POTASH  IN  FERTILIZEBS  BY  SUBSTITUTING 
MILK  OF  LIME  FOE  AMMONIA  AND  AMMONIUM  OXALATE  AS  THE 
PEEOIPITANT. 

By  G.  L.  Hare. 

The  TJndo-Gladding  method  for  the  determination  of  potash  in  fertilizers  possesses 
one  i)articularly  objectionable  feature:  The  evaporation  and  ignition  of  an  aliquot 
with  Hidphuric  acid  for  the  purpose  of  expelling  ammonia  salt.s  and  destroying  dis- 
solved organic  mutter  is  n  tedious  i)rocess  and  involves  probable  loss  from  sputtering 
during  evaporation.  A  reliable  modification  which  would  exclude  this  feature 
would  l)e  highly  <lesirable.  At  the  sixteenth  annual  meeting  of  the  Association  of 
Olficial  Agri(;ultural  Chemists  Mr.  Ross  presented  a  method  based  upon  the  use  of 
barium  carbonate  as  a  precipitant  for  ])hosphates,  iron,  alumina,  etc.  Me  later 
suggested  milk  of  lime  lus  the  i>recipitant,  and  the  writer,  in  1901,  reporteil  results 
obtained  by  collaborators  on  ofiicial  methods  for  jwtash  determination.  The  method 
emi)loyed  is  as  follows: 

Weigh  out  10  grams  of  the  sample  and  boil  with  al)out  350  cc  of  water  for  thirty 
minutes;  while  hot  add  milk  of  lime  till  slightly  alkaline.  Cool,  make  up  to  500  cc 
with  water,  and  remove  50  cc,  corresponding  to  1  gram.  Acidify  with  hydrochloric 
acid,  a<ld  platinum  solution,  and  evaporate  to  soft  dryneas  over  water  r)ath.  The 
residue  is  then  waslied  with  80  per  cent  alcohol  and  ammonium  chlorid  *'wa8h,"  a£i 
in  the  Lindo-Ciladding  method. 

In  the  case  of  fertilizers  containing  organic!  matter,  treat  10  grams  of  sample  with 
dilute  sulphuric  acid  (1-1 ),  and  incinerate;  moisten  ignited  mass  with  dilute  sulphu- 
ric acid  ( l-I  ),  and  heat  to  aid  in  removing  from  the  dish;  boil  with  350  cc  water  and 
procecnl  as  before.  The  tnilk  of  lime  ])recipitates  all  hme  except  that  present  as  sul- 
phate, and  the  solubility  (»f  the  sulphat<»  InMug  only  1  in  5(K),  the  aliquot  oi  50  cc  will 
contain  only  0.1  gram  of  that  substance,  an  amount  r<*adily  removed  by  the  annno- 
nium  chlorid  wash  wat4?r  mid  insuflicient  to  <'aiise  nmterial  trouble  either  when  solu- 
■  tion  is  made  with  water  direct  or  after  incineration  with  sulphuric  acid. 


«See  vol.  L»2,  p.  127. 
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The  potassium  platinio  chlorid  crystallizes  well,  and,  after  washing  with  alcohol, 
the  Falts  of  lime  appear  in  light  flakes  which  require  never  more  than  six  washings 
with  ammonium  chlorid  "wash"  for  complete  removal. 

The  modification  possesses  several  advantages  over  the  Lindo-Gladding  method: 

(1)  The  precipitation  of  lime  is  iumiediate,  and  there  is  no  delay  at  this  point; 

(2)  evaporation  to  expel  ammonia  salts  is  eliminated;  (3)  probable  loss  of  potash 
during  evaporation  is  obviated;  (4)  washing  the  ixstassium  platinic  chlorid  with 
alcohol  and  ammonium  chlorid  "wash"  may  be  performed  thoroughly  with  greater 
ease  and  rapidity,  while  no  larger  amount  of  platinum  is  required  than  by  the 
IJndo-Gladding  method. 

The  accuracy  of  the  method  is  evidenced  by  results  as  shown  in  the  tables.  It  has 
been  used  by  the  writer  upon  several  hundred  samples  of  miscellaneous  fertilizers  as 
a  check  against  the  Lindo-Gladding,  and  it  is  evident  that  the  modification  would 
not  be  applicrable  to  fertilizers  containing  ammonia  salts. 

Table  I  gives  parallel  results  by  the  milk-of-lime  and  the  Lindo-Gladding  methods 
upon  fertilizers  containing  no  organic  materials,  solution  in  each  case  being  made 
by  boiling  the  sample  with  water: 

Table  I. — Determination  ofpotmh  in  fertilizers  containing  no  organic  maieriaU,  a 


Lime 
!  method. 

1 

1    Lindo-   1 
iGladdingl 
!  method. 

1                 1 

Lime 
method. 

Lindo- 
Gladding 
method. 

Lime 
method. 

Lindo-    , 
Gladding 
method. 

Per  cent. 

\  I*er  cent.  1 

Pvr  cnit. 

Per  cent. 

Per  cent. 

Per  cent. 

'        1.02 

i        1.29    1 

1.66 

1.88 

4.11 

4.12 

1.42 

1.62 

1.76 

1.88 

1.06 

L-29 

4.51 

■  4.53    1 

2.59 

2.44 

8.91 

4.02 

2.33 

;       2.20    , 

1.40 

l.(V5 

1.96 

1.89    1 

1.91 

1     ^-^^  i 

.84 

.80 

2.59 

2.63 

1.1^7 

1.87    1 

4.33 

4.53 

2.46 

2.48 

2.42 

,        2.42    1 

2.44 

2.:i5 

4.36 

4.47 

i.»r) 

2.12    1 

2.41 

2.*-. 

3.12 

2.93 

2.51 

1        2.(>4     1 

5.24 

5.17 

2.10 

2.08 

2.5(1 

!        2.45    1 

1.58 

1.73 

2.52 

2.26 

2.41 

2.36 

2.29 

2.  OS 

2.11 

2. 27 

1.09 

,        1.04 

.81 

.98 

2.50 

2.76 

1.10 

.90 

2.37 

2.29 

4.37 

4.3:? 

2.14 

1.89 

3.66 

3.90 

2.49 

2.74 

1.75 

1        1.89 

2.44 

2.88 

1.75 

1.89    1 

T  irnn.    I    Lindo- 


lYr  cent,  i  Per  cent. 


1.95 

3.91 

1.21 

1.50 

1.49 

5.33 

2. 16 

4.26 

2.72 

2.49 

3.41 

2.  nl 

4. 21 

2.7 

2.01 


-^     I 


1.66 
3.86 
1.41 
l.SO 
1.32 
5. 65 
2.00 
1.10 
2. 76 
2. 76 
3.  10 
2.  (57 
4.04 
2. 41 
l.SS 


a  Solution  by  boiling  Kample  with  water. 

Inspection  of  the  tables  reveals  differences  ranging  from  0.01  to  0.27  i>er  cent,  with 
two  exceptions,  in  a  total  of  60  samples.  Of  this  numl)er,  46  show  differences  less 
than  0.20  per  cent,  while  the  average  difference  is  0.10  per  cent. 

This  average  difference  is,  of  course,  without  value  as  an  indication  of  accuracy, 
unless  considere*!  in  connection  with  the  variation  of  each  parallel  determination, 
but  when  so  large  a  percentage  of  duplicates  falls  within  the  limits  of  probable  error 
the  average  in  differences  of  the  entire  number  of  determinations  indicates  in  a  meas- 
ure the  comparative  accuracy  of  the  two  methods. 

Considering  that  the  figures  in  the  tables  represent  first  results,  and  in  no  case  a 
second  determination  by  the  same  methcwl,  results  by  the  milk-of-lime  metluKl  appear 
quite  as  reliable  as  those  obttuned  by  the  Lindo-liladding  metluwl.  In  the  rt^ular 
course  of  lal)oratory  work  duplicate  detenniiiations  by  one  and  the  same*  method 
may  easily  show  less  clow^ly  a'TnM'i:i<:  rcsnlts. 

Table  No.  II  shows  parallel  result.'^  obtained  from  fertilizers  containing  organic 
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materials,  the  samplei^  in  each  case  being  treated  with  dilute  (1-1)  sulphuric  acid 
and  incinerated  before  making  solution  in  water: 

Table  II. — Detertninalvm  of  potash  in  fertilizers  containing  organic  materials.  ^ 


Lime 
method. 

Lindo- 
Gladding 
method.  , 

Per  cent 

Per  cent.  ' 

2.16 

2.21 

1.87 

1.84    1 

2.58 

2.53    1 

1.71 

1.70 

1.31 

1.51 

2.13 

2.24    , 

2,27 

2.39 : 

2.46 

2.48    , 

1.48 

1.49    1 

1.35 

1.08 

1.59 

l.GO    , 

2.07 

1.80 

1.61 

1.50 

2.49 

2.38    , 

Lime 
method. 


Lindo- 
Gladding 
method. 


Per  cent. 
2.37 
1.92 
1.66 
2.59 
2.33 
2.09 
2.12 
3.46 
2.41 
2.47 
2.46 
i.M 
2.53 


Per  cent. 
2.60 
1.96 
L70 
2.45 
2.38 
2.11 
1.96 
3.33 
1.93 
2.50 
2.73 
4.69 
2.67 


[ 

'     Lime 
method. 

Lindo- 
Gladding 
method. 

Lime 
method. 

Lindcv 
Gladding 
method. 

Per  cent 

Per  cent. 

Per  cent. 

Per  cent. 

1.69 

1.67 

2.44 

2.63 

2.73 

2.59 

2.20 

2.29 

1.32 

1.46 

3.22 

3.11 

2.37 

2.10 

2.21 

2.13 

2.71 

2.61 

1.31 

1.31 

2.65 

2.53 

2.41 

2.28 

2.16 

2.20 

2.28 

2.33 

2.61 

2.89 

3.67 

3.46 

1.62 

1.82 

3.38 

3.36 

2.66 

2.42 

.74 

.84 

2.88 

2.08 

2.31 

2.22 

1.97 

1.78 

2.69 

2.60 

1.16 

1.20 

2.43 

2.44 

"Samples  treated  with  dilute  sulphuric  acid  and  incinerated  prior  to  solution  In  water. 

By  reference  to  Table  II  we  find  variations  ranging  from  0.01  to  0.48  per  cent  in 
a  total  of  53  determinations.  Forty -one  of  these  give  differences  of  0.20  per  cent  or 
less,  results  averaging  0.06  per  cent  higher  by  the  lime  method  than  by  the  Lindo- 
(iladding. 

Table  III  contains  results  from  fertilizers  containing  organic  materials.  Samples 
were  ignited  with  sulphuric  acid  (1-1 )  l)efore  obtaining  solutions  for  the  lime  method, 
while  fortheLindo-Gladding,  solution  was  obtained  by  boiling  the  unignited  sample 
with  water. 

Table  III. — Determination  of  potash  in  fertilizers  containing  organic  ',nateriah.^ 


Lime 
method. 

Lindo-   ' 
Gladding 
method. 

Lime 
raethiHl. 

Per  call. 

Lindo- 
Gludding 
methml. 

Per  cent. 

Lime 
method. 

Per  cent. 

Lindo- 
Gladding 
method. 

Lime 
1  method. 

Lindo-   1 
Gladding 
method. 

Percent. 

Per  cent. 

Per  cent. 

.  Per  cent. 

Per  cent. 

1        1.62 

1.66 

1.92 

2.11 

4.00 

3.87 

2.88 

2.60 

,        2.02 

2.19 

2.58 

2.74 

.60 

.69 

2.24 

2.21 

2.14 

2.11 

2.88 

2.23 

2.18 

2.47 

2.97 

2.94 

.88 

.74 

1.92 

2.09 

1.18 

1.20 

1.43 

1.26 

1.11 

1.06 

2.71 

2.64 

1.96 

1.73 

1.95 

2.06 

L82 

].^5 

1.56 

L^ 

1.78 

1.68 

1.84 

2.14 

1.53 

1.68 

L98 

1.96 

2.00 

2.07 

1.93 

2.14 

1.61 

1.63 

1.15 

1,28 

2.09 

2.35 

2.37 

2.66 

3.09 

3.02 

2.28 

2.W 

1.52 

1.62 

1.65 

1.81 

1.84 

2.06 

1.29 

1.53 

1        1.80 

1.78 

3.70 

3.46 

2.05 

2.10 

2.53 

2.29 

2.17 

2.25 

3.41 

3.52 

2.43 

'l.'Xl 

1.32 

1.28 

1.62 

1.70 

L54 

1.30 

2.62 

2.65 

2.26 

2.07 

1        1.66 

L71 

1..35 

L48 

2.95 

2.K6 

1.50 

1.49 

1        2.38 

2.43    ! 

2. 68 

2.80 

2.00 

2.29 

1.88 

1.60 

1.83 

1.64 

2.85 

3.13 

1.95 

2.03 

2.91 

3.00 

2.63 

2.37 

3.03 

3.02 

"  Lime  meth<xl:  Samples  ignited  before  .solution, 
with  water. 


Li ndo*Gl adding  method:  Tnignited  sample  *K)iled 
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These  results  show  an  extreme  variation  of  0.29  per  cent  in  a  total  of  63  determina- 
tions. Forty-six  of  the  6S  vary  less  than  0.20  per  cent,  while  the  results  average  0.02 
|)er  cent  lower  by  the  lime  method. 

In  Table  IV  may  be  found  results  on  fertilizers  containing  organic  materials,  solu- 
titms  of  lK>th  methods  being  obtained  by  boiling  the  sample  with  water.  The  solu- 
tions for  the  lime  method  were  considerably  colored  by  dissolved  organic  matter. 

T.\ULK  IV. — DetermimUion  of  poini/ih  in  fertilizers  containing  organic  materials.  <» 


Lime 
method. 

Lindo- 
Gladding 
method. 

Per  eerU. 

/Vt  rent. 

1.27 

1.21 

l.M 

1.15 

2.71 

2.61 

1.34 

1.16 

1.74 

2.06 

1.38 

1.21 

2.87 

2.44 

2.Gr» 

2.35 

2.28 
2.50 
1.28 
2.41 


1.83 
2.54 
1.25 

2.11 


Lime 
method. 


Per  cent. 
1.43 
1.79 
5,51 
5.03 
2.01 
2.48 
2.70 
2.64 
3.42 
2.63 
2.23 
2.35 


Lindo-  I 
Gladding, 
method. 


.,  ! 


Per  rent. 
1.08 
1.71 
5.51 
4.61 
1.92 
2.18 
2.20 
2.40 
3.38 
2.42 
1.80 
2.49 


Lime 
method. 


Per  cent. 
2.50 
2.69 
2.15 
l.M 
1.95 
2.57 
2.60 
2.19 
2.11 
1.16 
2.43 
1.29 


Liiido- 
Uladding 
method. 

Lime 
j  method. 

Llndo- 
Gladding 
method. 

P(r  ceiU. 

1  Percent. 

l^r  cent. 

2.tf» 

1        2.17 

2.24 

2.31 

1        5.86 

5. 56 

2.18 

1        2. 16 

1.87 

1.17 

1        2.30 

1.83 

2.04 

2.43 

2.09 

2.35 

2.40 

2.25 

2.24 

1.00 

1.10 

2.14 

2.41 

1.93 

2.11 

2.90 

2.10 

1.20 

2.45 

.99 

aSaraplefl  boiled  with  water. 


Although  little  was  expected  from  the  results  obtained  by  the  lime  method  under 
thes^e  conditions,  still  they  show  an  extreme  variation  of  only  0.55  per  cent  in  a  total 
of  45  determinations,  while  30  of  the  45  differ  less  than  0.30  per  cent  and  the  average 
difference  is  only  0. 15  per  cent.  Nothing  is  claimed  for  the  method  when  used  imder 
these  conditions,  but  it  i.s  interesting  to  note  that  the  method  gives  many  good  results, 
even  when  precipitation  of  platinum  takes  place  in  a  solution  considerably  colored 
with  organic  matter. 

Mr.  Crampton.  Mr.  President,  I  would  like  to  say  that  if  any  mem- 
ber of  the  association  knows  of  a  test  for  the  presence  of  palm  oil  in 
small  quantities,  less  than  1  per  cent,  in  mixtures  of  other  fats  (oleo- 
margarine) and  will  communic«.te  with  me  direct  he  will  confer  a  great 
favor.  Such  a  test  is  very  much  needed  in  the  administration  of  the 
new  internal-revenue  law  taxing  artificially  colored  oleomargarine. 

Mr.  Jaffa.  I  would  like  to  say  that  an  invitation  has  been  extended 
to  Dr.  Munroe  to  attend  this  meeting.  He  thanks  the  association  for 
the  invitation  and  will  visit  us  to-morrow  morning.  I  }>eliev'^e  this 
completes  our  report. 

Mr.  Davidson.  Mr.  President,  I  have  l)een  informed  that  the  Cen- 
sus Bureau  has  published  a  bulletin  entitled  "  Chemicals  and  Allied 
Products,"  prepared  by  Dr.  Munroe,  which  would  be  of  great  interest 
to  those  who  have  not  seen  it.  Dr.  Munroe  sa3's  that  he,  himself,  can 
not  furnish  a  sufficient  number  of  copies  to  supply  all  the  members  of 
the  association,  and  suggests  that  if  the  association  should  request 
copies  for  all  the  members  they  could  probably  be  secured.     1  would 


Digitized  by 


Google 


42 

like  to  move  that  the  necretary  of  this  association  ])e  instructed  to 
request  Dr.  Munroe  to  procure  a  .efficient  number  of  copies  of  this 
bulletin  to  supply  all  the  members  with  one. 

Mr.  McDonnell.  I  am  (juite  sure,  Mr.  President,  that  all  the  mem- 
bers would  })(;  glad  to  secure  a  copy  of  this  publication. 

The  motion  prevailed. 

The  President.  lias  the  referee  on  insecticides  arrived? 

Mr.  Haywood.  I  have  sent  out  for  my  report  and  it  will  be  here  in 
the  next  few  minutes.  I  had  not  expected  that  it  would  come  up  this 
afternoon.  In  the  meanwhile,  I  have  a  short  communication  here 
which  was  received  from  Mr.  Gudeman,  of  Chicago,  by  Dr.  Wiley, 
who  asks  me  to  read  it.     It  is  not  on  insecticides,  but  on  feeding  stuffs. 

The  President.  If  there  is  no  objection,  we  will  listen  to  the  paper 
to  be  offered  on  feeding  stuffs. 

GLUTEN  FEEDS:  DETEEMINATION  OF  FAT  AND  AOIDITY. 
By  Kdwaki)  Gudeman,  Chicagoj  III. 

The  extensive  use  of  the  maize  ghiUm  feeds,  manufactured  in  starch  an<I  prhicose 
fm^tories,  is  a  (•omi>aratively  new  tiling.  These  feeds  have  been  on  the  market  about 
twenty  years,  hut  the  present  method  of  manufacture  dates  back  only  ahout  five 
years.  A  lar^e  amount  of  work  has  l)een  done  and  is  heing  done  on  this  class  of 
feeds,  especially  hy  the  agricultmal  ex])eriment  stations.  The  data  puhlished  as  to 
these  feeds  goes  hack  to  188.3  and  comes  up  to  1900,  and  while  mainly  correct  does 
not  fully  aj)ply  to  the  feeds  as  jnanufactured  to-day.  In  many  cases,  as  no  distinc- 
tion is  made  hetween  the  different  fee<is,  the  data  is  misleading. 

The  starch  and  glucose  Wi)rks  of  the  ITnital  States  liave  «a  daily  capacity  of  ahout 
225,000  hushels  of  com.  Of  this  (juantity  ahout  15  pounds  i)er  ])usliel  is  ohtained  in 
the  form  of  cattle  fec<ls.  The  yearly  production  is  ahout  500,000  tx>ns,  75  to  85  j)er 
cent  of  whic'h  is  (consumed  in  the  TTnite<l  States,  the  remain<ler  heing  exjwrted. 
The  ex[)orts  are  confined  mainly  to  the  gluten  meal  and  the  corn  oil  cake.  The 
factories  an^  located  in  the  East  and  AVest,  and  dei>end  on  the  whole  corn  belt  for 
their  raw  material,  ahout  (>S,000,000  hushels  i>er  year,  which  amounts  to  alxnit  .3  jxir 
cent  of  the  average  annual  i-orn  crop  of  the  Ignited  States. 

Corn  varies  in  comi)ositi()n  and  it  would  Ix)  natural  to  expect  these  feeds  to  vary 
acctordingly.  This  is  not  the  c^ise,  and  in  a  well  regulated  factory  the  feeds  run  very 
uniformly,  nnich  more  so  than  wheat  hran,  cornmeal,  or  any  of  the  common  cattle 
feeds  made  from  raw  cereals.  The  kernel  of  corn  is  divided  into  its  component 
i)arts,  and  while  the  proj>ortions  of  these  vary  the  parts  themselves  remain  practically 
("onstant.  As  the  process  of  manufacture  of  thes<^,  f(»eds  has  a  direct  hearing  on  the 
analytical  result.**,  a  l)rief  sui)erlicial  outline  of  the  same  is  necessary. 

Shelled  corn  is  soaked  in  warm  water  thirty-six  to  sixty  hours.  This  water  con- 
tains a  small  amount  of  sulphurous  acid  and  alnrnt  8  gallons  of  it  is  required  per 
hushel.  The  corn  swells  and  ahsorhs  alnrnt  one-half  of  this  acid  water.  After  soak- 
ing the  recpiired  time,  the  sulphur  water  is  drawn  off,  and  as  this  contains  a  large 
amount  of  soluhle  suhstance  of  high  feeding  ami  fiTtilizing  value,  it  is  concentrated 
an<l  mixed  with  the  feeds  in  tlu»  siiuic  j)ro|)orti(»n  as  it  is  ohtaine<l  from  the  com. 
Analyses  of  the  dry  suhstances  contained  in  this  extract  will  show  G  to  10  per  cent 
salts  and  15  to  .30  jht  cent  of  jjrotein  (N.-J)', ).  Suli)hurous  acid  acts  ]>eculiarly  on 
the  kernel,  jRMietrating  strongly  into  thesanu^  and  quickly  loosening  th<Mntercellular 
tissue,  therehy  causing  a  good  separati(m  of  the  starch  from  the  gluten  at  a  later 
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stage  of  the  process.  It  alpo  acts  as  a  preservative,  i)reventing  to  some  extent  the 
fermentation  of  the  grain. 

The  soft  wet  corn  is  very  coarsely  j^round  in  sufh  a  way  that  the  genn  is  sefwirated 
without  l)eing  broken,  cut,  or  cruslitHl.  This  mass  is  made  up  tr>  a  certain  B|x>cific 
gravity  with  starch  milk  and  plawMl  in  suitable  tanks.  The  heavy  material  will  sink 
to  the  bottom  while  the  light  oily  germs  float.  These  tanks  are  so  arrangctl  that  this 
separation  is  a  continuous  and  automatic  one.  The  germs  are  washed  free  from  all 
a<lhering  starch,  pressed  and  run  into  driers  with  about  50  |)er  cent  of  water  from 
rthich  they  are  discharged  with  less  than  3  \>er  cent  of  water.  The  dry  germs  are  now 
treated  exactly  as  linseed;  ground,  cooked,  steamecl,  and  subjecte<l  to  hydraulic 
pressure,  giving  the  com  oil  and  the  corn  oil  cake,  the  latter,  if  ground,  l)eing  known 
as  germ  oil  meal. 

Tlie  mass  that  sinks  to  the  bottom  of  these  tanks  is  reground  to  a  very  fine  pulp 
and  thoroughly  washed  on  bolting-cloth  sieves.  The  starc^h  and  the  gluten  pass 
through  the  sieve  and  the  coarse  material  (the  bran)  over  the  end  of  the  sieve.  This 
bran  is  pressed  and  goes  to  the  driers  with  50  to  60  per  cent  water,  comes  oiit  of 
them  with  about.  12  jxjr  cent,  and  is  sold  as  corn  bran  or  under  some  fancy  name. 
To  separate  tlie  germs  and  the  bran  from  the  starch  and  the  gluten,  about  60  gallons 
of  fresh  water  are  used  per  bushel  of  corn.  All  of  this  water  is  run  into  tanks  for 
concentration  and  recovery  of  the  starch  and  gluten.  After  concentration  it  is  again 
dilute<l  with  al)out  60  gallons  of  fresh  water  per  bushel  of  com  and  run  on  the  starch 
tables,  where  the  starch  deposite  and  the  gluten  flows  off  into  another  series  of  con- 
centrating tanks,  where  it  is  allowed  to  settle  before  going  to  the  presses.  The 
presseil  gluten  goes  to  the  driers  with  50  to  60  per  cent  water  and  is  dried  down  to 
al)Out  12  per  (tent,  which  gives  the  gluten  meal  of  commerce.  -A  mixture  of  gluten 
meal  and  corn  bran  in  the  same  proportion  as  obtained  from  the  com  is  the  gluten 
lee<i  of  commerce.  Generally  this  mixture  is  made  wet  l)efore  the  bran  or  gluten 
has  lieen  pressed. 

All  the  waters  separated  in  these  various  tanks  go  directly  to  the  sewer,  carrying 
along  all  soluble  impurities  an<l  the  sulphurous  attid  absorbed  by  the  corn  in  the 
soaking  process.  All  in  all  alxmt  120  to  130  gallons  of  fn»sh  water  are  used  to  a 
bushel  of  com  to  wash  out  the  starch  frf)m  the  germ,  bran,  and  gluten.  As  the  feeds 
and  germs  contain  alxuit  50  per  cent  of  water  jis  they  go  into  the  driers  and  the  same 
percentage  is  in  the  starch  separated  on  the  tables,  we  have  110  to  120  gallons  of 
water  per  bushel  that  have  lx»en  discharge<l  into  the  si^wer,  and  it  is  self-evident  that 
very  little  of  the  aci<l  used  for  si»aking  the  corn  will  remain  in  the  feeds.  The  small 
amount  that  is  found  in  these  fee<ls  comes  from  the  (Hjncentrated  soak  water  that  is 
added  to  the  feeds  after  they  have  Iwen  pn^ssed.  The  larger  percentage  of  this  is 
lost  during  the  <lrying  of  the  fecils.  The  •concentration  of  this  soak  water  in  vacuum 
jians  takes  out  fully  90  per  cent  of  the  sulphurous  atnd  before  the  same  is  added  to 
the  feeds. 

The  ol<l  process,  now  almost  completely  discanle<l,  made  use  of  alkali  to  sejMirate 
the  starch  from  the  gluten.  This  gluten  had  to  Ix^  acidified  Ix^fore  it  could  be  eco- 
nomically handle<l.  Sulphuric  acid  was  commonly  use<i,  quite  in  excess,  to  make 
the  gluten  settle.  Jhis  settled  gluten  was  prt^sed  or  mixed  with  bran  and  then 
without  any  further  washing  went  to  the  driers.  Such  fec<ls  wert^  high  in  acid,  and 
there  are  re<»onls  of  cattle  having  Ikm-oiuc  mouth-sore  owing  to  the  excessive  amount 
of  sulphuric  a<*id  in  these  feeds. 

The  methwls  of  the  Assfx-iation  of  Official  Agricultural  ( 'hemists  are  the  standards 
used  in  the  United  States  for  making  feed  analyses.  The  methods  for  the  determi- 
nations of  water,  ash,  filx^r,  and  crude  ])rott»in  (Nx^l)  give  satisfactory  results. 
The  method  for  the  determinatitm  of  fat,  ai)i)UtHl  to  this  chiss  of  feeds,  is  open  to 
criticism.  For  the  determination  of  acidity  no  official  method  exists,  and  none  of 
the  methods  known  to  me  give  like  results. 
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The  official  method  for  the  fat  determination  says:  "Extract  the  substance  dried 
B8  for  the  determination  of  moisture."  This  means  drying  the  substance  in  liydro- 
gen  or  vacuum  for  five  hours.  As  a  general  rule  the  drying  is  prolonged  from  eight 
to  twenty-four  hours.  Drying  the  gluten  feeds  in  hydrogen,  vacuum,  or  air  modifies 
the  fat  maUirially,  besides  changing  the  character  of  other  (constituents.  The  fat  is 
made  partly  insoluble  ia  ether  or  carbon-disulphid.  The  error  due  to  this  change 
in  the  solubility  of  the  fat  is  often  sufficient  to  class  a  feed  below  its  guaranteed 
standard  if  the  fat  is  just  up  to  this  standard. 

Tablk  I. — Perceniagea  of  fat  in  ghii-en  feeds. 


Hamplej^  ami  prejiaration. 


Samplefl  A: 

Without  drying.... 

Dried  over  HjSO.. . . , 

Dried  in  hydrogen  . 

Dried  in  vacuum  . . . 

Dried  in  air 

Samples  B: 

Dried  in  hydrogen  , 

Drie<l  in  hydrogen  . 

Dried  in  air 

Not  dried 

Notdried 

Samples  C: 

Notdried 

Notdried 

Dried  in  hydrogen  . 

Dried  in  hydrogen  . 
Genn  Hamplen: 

Dried 

Notdried 

Wet  germs 

Dried 

Notdried 

Wet  germn 


Extracted 
with- 


es.. 


.do. 
.do. 
.do. 
.do. 


Ether.. 
CS,..-. 
....do. 
Ether.. 
CS,.... 


Ether. . 
CS,.... 
....do. 
Ether. . 


.do. 
.do. 
.do. 


CS-. 


.do. 
.do. 


Forms  of  feed  sampled. 


(Jiuten 
meal. 


P.d./cd. 
4.74 
4,72 
3.60 
3.6-2 
3.60 

3.65 
3.61 
.3.68 
4.68 
4.66 

5.16 
5.14 
3.56 
3. 56 


Gluten 
feed. 


P.H.fat. 
3.02 

2.61 
2.61 
2.62 

2.67 
2.67 
2.68 
3.00 
3.01 

6.19 
6.21 
4.97 
4.96 


Corn 
bran. 


P.pL/at. 
3.97 
3.97 
3.74 
3.75 
3. 75 

3.83 
3.81 
3.80 
3.93 
3.96 

5.32 
5.32 
4.73 
4.71 


I 


Ret.  fat. 


41.79 
42.39 
44.93 
41.85 
42.39 
44.87 


These  results  show  very  marked  differences  before  an<l  after  drying.  The  greatest 
differences  are  found  with  the  gluten  meal,  smaller  ones  with  the  gluten  feed,  still 
smaller  with  the  bran,  and  very  small  variations  with  the  germs.  The  physicAl  con- 
dition of  these  i)nMlucte  easily  accounts  for  these  results.  The  meal  is  in  small  balls 
and  the  first  drying  during  the  process  of  manufacture  affects  only  the  surface.  The 
preparation  of  the  sample  for  analysis,  grinding  so  as  to  pass  through  a  1-mm  sieve, 
exposes  an  inunense  amount  of  fresh  surfacte  to  the  direct  action  of  the  heat  during 
the  extra  five  to  twenty-four  hours'  drying  in  the  laboratory.  The  amount  of  fresh  sur- 
face expcxsed  with  the  other  products  is  a  great  deal  less,  and  therefore  the  differences 
in  the  extraction's  result^  are  less  also.  The  extraction  of  samples  of  feed,  grinding 
some  before,  and  some  after  drying,  shows  differences  of  0.1  to  O.li  per  cent,  the 
higher  results  Ijeing  ol)taine<l  on  the  samples  that  were  drie<l  in  the  coarae  condition. 
The  bran  is  in  such  a  condition  that  a  large  surface  i.s  exjxised  in  the  original  drying 
during  manufacture  and  sul)sequent  drying  in  the  lal)onitory  has  very  little  further 
effect.  The  grinding  of  this  ]>roduct  also  exposes  comparatively  little  new  surface 
ami  the  extraction  figures,  <lrying  Iwfore  and  after  grinding,  do  not  differ  materially. 
The  gluten  feed  being  a  compound  product  of  the  other  two,  the  results  are  between 
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thufle  of  the  two  component  parts.  The  germs  are  in  the  course  of  manufacture  very 
thoroughly  dried  to  below  3  per  cen^  and  the  subsecjuent  drying  of  same  in  the 
laboratory  gives  only  slightly  lower  figures.  The  fat  in  germs  that  were  dried  over 
sulphuric  acid  or  not  at  all,  will  be  from  2  to  4  per  cent  above  that  found  in  the 
same  sample  after  drymg.  Corn  oil  in  a  very  finely  divided  condition,  as  it  exists  in 
these  feeds,  will  \ye  easily  partially  oxidized  and  saponified.  No  appreciable  differ- 
ences were  found  by  drying  the  feeds  in  air,  vacuum,  or  hydrogen. 

The  change  in  the  fat,  due  to  this  drying,  affects  the  acidity  of  the  feed  and  espe- 
cially the  acidity  of  the  extracted  fat.  These  factors  ar<^  often  determined  and  used 
as  the  basis  of  an  opinion  as  to  the  character  of  the  feed  and  of  the  raw  material  from 
which  the  feed  was  made.  The  acidity  of  the  fat  from  gluten  feeds,  extraction  hav- 
ing been  made  after  drying,  is  from  20  to  40  per  cent  determined  as  oleic  acid.  The 
acidity  of  f«t  extracted  before  drying  will  be  from  5  to  15  per  cent. 

The  fat  from  dry  germ  oil  cake  will  show  as  high  as  60  per  cent  acidity.  This 
can  be  explained  and  no  doubt  is  due  to  the  high  heat  and  steaming  of  the  finely 
ground  germs  before  being  pressed.  Some  of  the  figures  obtained  from  one  of  the 
experiment  stations  some  time  ago  agree  very  closely  with  results  obtained  by  myself. 

Table  11. — Determinatiow  of  fat  and  acidity  in  gluten  feeds. 
[Experiment  utation  work.] 


«-Pl-                                               ^l^et 

Acidity 
of  feed. 

Acidity 
of  fat. 

cc  NjlO 
alkali. 

1.06 

.56 

.90 

.86 
.66 

Oleic 

acid  in 

fat. 

Per  cent. 
A 3.16 

cc  mo 
alkali.  • 

2.8 

4.85 

4.80 

.76 

7.10 

Percent. 

46.8 

B 1          2.48 

39.1 

C J          2.60 

48.8 

D 3.43 

35.0 

E 3.78 

24.3 

The  highest  percentage  of  acid,  found  in  sample  E,  is  accompanied  by  the  lowest 
acidity  in  the  extracted  fat.  Sample  C  contains  a  higher  percentage  of  acidity  in  the 
extracted  fat  than  was  originally  found  in  the  feed.  If  the  acidity  of  the  feed  is 
exactly  neutralized,  the  fat  extracted  without  drying  will  be  neutral,  while  the  fat 
extracted  after  drying  will  again  show  acidity.  No  doubt  a  saponification  takes  place, 
which  will  account  both  for  the  lower  percentage  of  fat  found  and  for  the  higher 
acridity  of  the  same.  The  determination  of  the  acidity  of  the  feed  is  also  of  no  value 
as  an  indication  of  the  quality  of  the  feed.  AH  cereals  give  ai'id  reactions.  If  the 
gluten  feed  or  meal  has  been  made  by  the  old  alkali  process,  the  presence  of  sul- 
phuric acid  can  be  easily  determined.  In  the  new  process,  the  acidity  is  due  to  acid 
salts  and  proteids,  but  not  to  free  acid.  The  acidity  determination  can  not  be  made 
directly  on  the  feeds,  as  color,  proteids,  and  starch  products  interfere  with  the  action 
of  the  alkali  and  the  indicators.  Washing  out  the  acid  is  a  very  tedious  operation, 
i't:<peciaUy  as  large  quantities  must  be  used  to  get  average  figures.  The  following 
method  I  have  found  to  give  very  satisfactory  results: 

Weigh  out  100  grams,  place  in  a  large  beaker  or  flask  with  1,000  cc  of  water;  stir  or 
agitate  every  now  and  then  for  one  hour.  Pour  the  whole  mass  on  adouble  filter  paper. 
Reject  the  first  100  cc  of  the  filtrate.  Take  200  cc  for  the  determination,  figuring  10 
grams  cf  substance  to  100  cc  of  the  filtrate.  Unless  the  acidity  is  very  low,  use  nor- 
mal caustic  alkali  for  the  titration;  jV  cc  will  give  a  quick  color  reaction  with  the 
indicators  used.  One  can  not  titrate  to  a  permanent  shade,  as  the  Hul)stances  held  in 
solution  react  both  on  the  alkali  and  on  the  indicators.  The  error  due  to  the  strength 
of  the  titrating  solution  is  much  reduceil  by  the  large  amount  of  substance  titrated, 
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20  grams  per  test.     The  indicators  used  play  an  important  role  in  the  amount  of 

acidity  found.     The  average  of  a  large  numbier  of  tests  gave  the  following  lesults: 

cc  normal 
alkali. 

Phenolphthalein 11.1 

Rosolic  acid 6.  7 

Congo  red \ 5.  G 

Litmus 6. 5 

Cochineal 4. 0 

Methyl  orange Neutral  to  alkaline 

I  prefer,  and  use,  rosolic  acid.  Phenolphthalein  gives  very  high  results.  Gluten 
feeds  contain  the  proteids  of  maize  and  these  react  on  indicators  similarly  to  the  pro- 
teids  of  wheat  de8cril)ed  by  Osborne,  who  states  «  that  the  proteids  of  wheat  are 
"neutral  to  litmus,  alkaline  to  lacmoid,"  and  that  "it  required  19  cc  of  decinormal 
alkali  to  neutralize  100  cc,  using  phenolphthalein." 

Tests  made  to  determine  whether  the  fermentation  of  the  feeds  before  drying  had 
any  effect  on  the  finisheil  products  gave  the  following  results: 

Table  III. — Effect  of  fermentation  before  drying  on  (iciditij  of  giutni  feed^t. 


Condition  of  feed. 


Aeidity,  meaxnred  by 
normal  alkali,  oa 
indicated  by— 


Before  drying: 

lTnfermente<i 

Fermented ' 

Af;«r  drying:  i 

Unfermenteti 1 

Fermented 


Phenol- 
phthalein. 

ROHOllC 

acid. 

cc. 

cc. 

7.3 

7.2 

•28.3 

27. 1 

12.3 

7.4 

12.5 

7.5 

This  proves  conclusively  that  the  fermentation  of  the  fee<l  l)efore  drying  does  not 
affect  the  finished  product  at  all,  and  that  the  determination  of  the  total  acidity  of 
these  feeds  is  not  a  criterion  bs  to  the  ('ondition  of  the  feeds  l)efore  drying.  The 
statements  that  a  high  acidity  of  gluten  feeds  shows  that  they  were  made  from  fer- 
mented products  are  not  Ixjrne  out  by  facts.  All  corn  feeds  show  a  higher  acidity 
after  drying  than  l)efore.  The  drying  of  these  feeds  increases  the  solulnlity  of  the 
proteids,  andl  changes  the  starch  into  gums  and  dextrins,  also  soluble. 

Tablk  IV^. — Effect  of  drying  on  acidity  of  gluten  feed^^. 


Feed  and  coinlition. 


Extract  as 

^KTcent- 

jigc  of  dry 

Hubstance. 


Acidity,  measured  by 
normal  alkali,  as 
indicated  by- 


Phenol-    I  Rosolic 
phthalein.  j     ivcid. 


Gluten  meal:  Pir  ct  ni. 

Before  drying 1.  '2 

After  drying 2. 1  i 

Gluten  fee<l:  i 

Before  drying '  1.2  i 

After  drying <i  "2 

Corn  bran: 

Before  drying (».  7 

After  drying 11.3  i 


0.4 
.6 


11.  ft 
21.3  I 


0.4 
.ft 


ft.  8 
ti.O 


11.6 
12.0 


a  Am.  Chem.  Journal,  July,  1900. 
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When  the  extract  contains  about  2  per  cent  of  dry  8ul)8tance,  the  percentage  of 
crude  proteida  will  be  almut  4  i)er  c(»nt  of  the  same.  As  the  extnurt  increases  the 
proteids  increase,  and  an  extract  containing  10  to  12  ])er  cent  of  dry  substance  will 
show  up  to  35  jK^r  cent  of  proteids  (N  X6J).  No  definite  ratio  exists  l)etween  the 
extract  and  its  content  of  proteids.  The  results  obtained  in  the  deternunation  of  fat, 
acidity  of  fat,  and  acidity  of  feeds  can  not  be  used  in  direct  comparison  with  results 
obtained  on  other  cereal  products.  The  quality  of  the  feeds  can  not  be  determined 
fmm  the  acridity  of  the  feed  nor  acidity  of  the  extracted  fat.  All  these  results  are 
materially  affecte<J  by  the  treatment  given  the  samples  in  the  lalxDratory  and  in 
justice  to  the  manufac'turer,  and  so  as  not  to  mislead  the  consumer  in  comparing 
analysi^s  of  feeds  the  analyses  should  be  made  on  the  samples  as  received  by  the 
analyst,  instea<^l  of  modifying  them  to  meet  the  requirements  of  any  special  or  uni- 
versal method  of  analysis. 

EEPOET  ON  FOOD  ADULTEBATION. 
By  W.  I).  BujELOW,  Referee. 

Since  our  meeting  a  year  ago  i)reliminary  reports  have  l)e€n  prepared  giving  methods 
for  the  examination  of  cereal  products  and  tea  and  coffee.  This  leaves  but  one  sub- 
ji-ct  which  has  not  already  been  covere<l  by  our  metliods,  and  the  omission  in  that 
case  has  been  due  to  the  serious  illness  of  the  referee  to  whom  the  subject  was 
assigned. 

Considerable  work  has  been  done  during  the  past  year  in  putting  to  further  test  the 
methods  which  have  l)een  adopted  provisionally  for  the  examination  of  foods.  The 
result  has  Ixjen  the  suggestion  of  certain  changes  which  are  relatively  unimportant, 
and  whose  numl>er  is  so  great  as  to  make  it  impracticable  to  discuss  them  in  detail 
l)efore  the  association.  Owing  to  this  fact,  and  also  to  the  fact  that  there  are  very 
few  here  this  morning  who  have  given  sjwcial  attention  to  methods  for  the  analysis  of 
f(xxis,  or  who  are  greatly  interested  in  the  detail  of  these  methods,  I  shall  pass  over 
the  su^estions  of  minor  changes  with  the  statement  that  they  meet  with  the  approval 
of  myself  and  associates,  and  with  the  recommendation  that  they  l>e  incorporated  in 
the  provisional  methods  and  printeil  in  order  that  they  may  be  available  to  the 
association. 

So  far  our  work  has  been  conducted  as  individuals.  A  few  years  ago  compara- 
tively few  of  our  members  were  intere.*^te<l  in  methods  of  this  nature.  Since  then 
the  work  has  been  taken  up  in  many  laboratories  that  have  always  been  represented 
in  the  association,  and  the  chemists  of  food-control  laboratories  in  various  States  and 
cities  look  to  us  to  suggest  methods  for  their  use  and  cooperate  Avith  us  in  the  prep- 
aration of  those  methods.  I  believe  that  we  have  made  suffici(»nt  progress  with  the.'^e 
metho<l8  to  make  it  practicable  to  carry  on  collaborative  work  between  different 
laJwratories  in  order  to  investigate  and  compare  the  methods  we  employ.  From  this 
time  on,  therefore,  we  can  work  with  the  methods  for  the  examination  of  foods  in 
very  much  the  same  w^ay  as  we  have  wuth  those  for  the  examination  of  fertilizers, 
soils,  and  feeding  stuffs. 

It  was  only  by  individual  effort  that  the  methods  could  have  been  mai)ped  out  on 
the  extensive  scale  which  has  been  adopted,  but  systematic  colla})orative  effort  will 
lie  necessary  to  work  out  these  methods  in  the  detail  that  is  desired.  As  previously 
stated,  I  do  not  think  it  would  be  wise  to  discuss  before  the  whole  association  the 
changes  which  we  recommend  this  year  in  the  provisional  methods.  At  the  same 
time,  following  the  collabirati V(».  work  which  we  plan  for  the  conung  year,  T  Ixjlieve 
that  provision  should  be  made  at  future  ni'.'etings  of  the  association  for  the  detailed 
discussion  of  the  methods  for  the  examination  of  foods,  and  that  hereafter  the  con- 
servative attitude  which  the  association  has  adopted  with  regard  to  other  methods 
of  analysis  be  extended  also  to  food  methods. 
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In  dosing  I  wish  to  express  my  appreciation  for  the  able  and  earntnst  manner  in 
which  my  associates  have  conducted  their  work. 

The  President.  You  have  heard  the  referee's  report  on  foods,  is 
there  any  discussion  of  the  subject? 

Mr.  BiGELOw.  Perhaps  it  is  not  related  to  this  subject,  but  I  have 
a  suggestion  to  offer  which  I  was  requested  to  malce  by  Dr.  Wiley. 
He  asks  that  as  many  members  of  the  association  as  can  find  it  con- 
venient take  dinner  to-morrow  evening  at  Cabin  John  Bridge.  He  did 
not  say  that  we  were  to  be  there  as  his  guests,  but  he  would  be  glad 
to  have  as  many  go  as  possible.  The  accommodations  are  good,  and  it 
is  a  nice  ride,  which  I  am  sure  all  of  you  would  enjoy.  All  who  can 
tind  it  convenient  to  start  from  the  Ebbitt  House  soon  aftev  5  o'clock 
we  shall  be  glad  to  have  go,  and  if  they  will  hand  me  their  names,  1 
will  try  to  make  some  arrangements. 

The  President.  If  there  is  no  other  business  to  come  before  the 
meeting  we  will  listen  to  the  report  of  the  referee  on  the  detennina- 
tion  of  nitrogen. 

EEPOET  ON  THE  DETEEMIHATION  OF  NITEOGEN. 
By  F.  W.  Morse,  Referee.. 

The  referee,  in  accordance  with  the  vote  of  the  association  last  year,  undertook  the 
comparison  of  methods  for  determining  the  availahility  of  organic  nitrogen.  Two 
methods  were  recommended  by  the  previous  referee  for  trial,  namely,  the  neutral 
permanganate  method,  as  modified  by  Mr.  Street,  and  the  alkaline  permanganate 
method,  as  modified  by  Mr.  Jones.  The  former  has  been  adopted  by  this  association 
as  a  provisional  method,  while  the  latter  has  not  been  regarded  with  much  favor  by 
the  majority  of  analysts  who  have  trie<l  it. 

Since  nearly  all  the  principal  nitrogenous  fertilizer  materials  have  l)een  worked 
upon  in  the  past  by  the  different  methods,  the  referee  considered  it  the  l)est  policy 
this  year  to  confine  the  work  to  two  typical  materials  combined  with  suiJer phosphate 
in  approximately  the  pr(>|)ortion  which  might  occur  in  a  mixed  fertilizer,  in  order  to 
determine  how  closely  results  by  different  analysts  would  agree,  and  to  make  plainer 
any  defect  in  the  manipulation  of  the  method. 

The  materials  selected  were  dried  bkxwl  and  cotton-seed  meal,  l)ecau8e  lx)th  are 
known  to  be  highly  available  to  plants,  while  the  alkaline  metluKl  has  always  failed 
to  indicate  the  availability  of  cotton-see<i  meal,  owing  apparently  to  its  carbonaceous 
matter.  The  blood  was  a  part  of  a  bag  of  blood  meal  for  poultry  and  calves,  and 
contained  13. 1  per  cent  of  nitrogen.  The  cotton-seed  meal  was  a  standard  brand  and 
contained  7.49  per  cent  of  nitrogen. 

Four  lots  of  material  were  prepare<l  containing  approximately  3.5  to  4  |)er  cent  of 
nitrogen.  The  mixtures  all  contained  sujwrphosphate  while  the  nitrogenous  mate- 
rial was  arranged  as  follows:  No.  1,  blood;  No.  2,  cotton-5?eed  meal;  No.  3.  two-thirds 
nitrogen  from  blood,  one-third  nitrogen  from  cotton-seed  meal;  No.  4,  one-third 
nitrogen  from  blood,  two-thirds  nitrogen  from  cott<jn-seed  meal. 

All  the  materials  were  Hifte<l  through  the  standard  sieve,  with  circular  holes  1 
millimeter  in  diameter,  and  then  each  lot  was  thoroughly  mixed.  The  blood  was 
apparently  coarse  because  a  large  part  of  it  was  crystalline  rather  than  fibrous.  Two 
of  the  analysts  reground  the  samples  containing  it. 

Twelve  lots  of  samples  were  sent  t<i  as  many  different  laboratories.  Accompanying 
the  samples  were  sent  the  following  instnKjtions: 
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Directions  for  Work  on  NiTRoasN,  1902. 

Pleaae  determine  total  nitrogen  in  each  sample  by  either  of  the  official  methods. 
Last  year  the  referee  called  attention  to  the  fact  that  prolonged  digestion  with  the 
salphoric  acid  in  the  Kjeldahl  method  raised  the  amount  of  nitrogen.  Please  note 
the  length  of  time  used  in  each  digestion  throughout  the  comparison.  Please  deter- 
mine available  nitrogen  by  the  neutral  permanganate  method  adopted  provisionally 
at  the  last  convention,  and  by  Jones's  alkaline  permanganate  method,  which  has  so 
far  been  regarded  unfavorably.  The  latter  method  used  in  accordance  with  Mr. 
Jones's  practice  offers  some  advantages  over  the  former  in  the  matter  of  time.  The 
methods  are  described  as  follows: 

TJie  neutral  permcmganale  method. — Into  a  400-cc  (iriffin  beaker,  low  form,  weieh 
tax  amount  of  sample  containing,  approximately,  0.075  gram  of  nitrogen  (samples 
containing  material  that  has  been  treated  with  acid  should  be  wash^  on  a  9-cm 
8.  8.  No.  595  filter  to  200  cc  and  transferre<l,  filter  and  all,  to  beaker);  digest  this 
with  125  cc  of  permanganate  of  potash  solution  ( 16  grams  of  pure  KMnO^  to  1,000  cc 
of  water)  in  a  steam  or  hot-water  bath  for  thirty  minutes.  Have  the  beaker  let 
down  well  into  the  steam  or  hot  water  and  keep  closed  with  a  cover  gla.ss,  stirring 
twice  at  intervals  of  ten  minutes  with  a  glass  rod.  At  the  expiration  of  the  time 
remove  from  bath,  add  100  cc  of  cold  water  and  filter  through  a  heavv  15-cm  folded 
filter.  Wash  with  cold  water,  snmll  quantities  at  a  time,  till  total  filtrate  amounts 
to  400  cc.     Dry  and  determine  nitrogen  in  residue  by  Kjeldahl  method. 

The  alkaline  permanganate  method, — Weigh  out  an  amount  of  sample  containing, 
approximately,  0.045  gram  of  nitrogen,  and  transfer  to  a  000-cc  distillation  flask. 
After  connecting  with  condenser  to  which  the  receiver  containing  standard  acid  has 
been  attached,  digest  with  100  cc  of  alkaline  permanganate  solution  (1^  grams  of 
potassium  permanganate  and  150  ^rams  of  sodmm  hydrate  dissolved  in  1,000  cc  of 
w^ater )  for  dO  minutes  below  the  boiling  point.  Then  lx>il  slowly  until  the  distillation 
is  completed. 

Since  the  samples  all  contain  superphosphates,  it  will  be  necessary  to  wash  them  as 
directed  for  the  neutral  method.  This  is  not  necessary  for  the  alkaline  method,  as  it 
is  intended  to  be  used.  Comparisons  of  washed  and  unwashed  charges  will  be 
appreciated  however. 

The  troublesome  features  of  these  methods  seem  to  be  filtration  in  the  neutral  and 
distillation  in  the  alkaline  method.  Suggestions  for  hastening  these  steps  will  be  of 
interest. 

Results  op  Analyses. 

The  methods  were  copied  from  the  report  of  last  year. 

Retoms  were  received  from  nine  laboratories  and  included  the  work  of  twelve 
analysts.    The  followiag  tables  give  their  results  in  full: 

Table  I. — Total  nitrogen. 


Analyst. 


T.  C.  Trescot,  Wftshin^rton,  D.  C. 


Department  of  foods  and  feed- 
ing, Hatch  Experiment  Sta- 
tion, Kaasachusetts 


F.  B.  Carpenter,  Virginia 
S.  H.  Sheib.  Yiiginia 

17261— No.  73—03 


Sample 
No.  1. 

Sample 
No.  2. 

Sample 
No.  3. 

Pfr  cent. 

Percent. 

Per  cent. 

3.78 

3.30 

3.82 

3.78 

3.3-1 

3.85 

3.98 

3.59 

3.95 

4.09 

3.60 

3.95 

4.16 

•  *    3.58 

4.01 

4.16 
4.15 

3.99 
3.97 

3.56 

4.17 

8.64 

4.07 

4.14 
4.14 

4.06 
-4.03 

3.63 

4.18 

3.59 

4.06 

4.19 

3.65 

4.07 

Sample 
No.  4. 


Per  cent. 
3.73 
3.73 
3.87 
3.85 
3.84 
3.84 
3.81 
3.96 
3.92 
3.92 
3.97 
3.94 


Remarks. 


Digested  2  hours. 


Digestetl  3  hours. 


(Dlguwtod    3  hours,  Kjeldahl 
i    method. 

iDigeHted    3  hourH,  Kjelflahl 
[    with  sulphate  of  potash. 
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Table  I. — Total  nitrogen — Continued. 


Analyst. 

Sample 
No.  1. 

Sample 
No.  2. 

Sample 
No.  3. 

Sample 
No.  4. 

Remarks. 

Per  cent. 

Per  cent. 

Per  caiL 

Percent. 

L.  A.  Hill,  New  Hampshire  ... 

3.90 

3.W 

3.75 

3.67 

) 

3.98 

3.78 

pigcsted  3  to  4  hours. 

4.00 

3.M 

3.89 

3.73 

W.  W.  Braman,  New  Hamp- 

3.98 

3.45 

3.88 

3.8-1 

shire. 

4.03 

3.48 

3.W 

3.86 

A.  L.  Sullivan,  New  Hamixshire 

4.05 

3.33 

3.92 

3.6-1 

IGas  pressure  lower  than  nor- 
1    mal. 

4.06 

3.;« 

3.89 

3.72 

J.  Bernard  Robb,  Maryland... 

4.03 

3.50 

3.95 

3.77 

) 

4.a5 

3.47 

3.93 

3. 79    [^Digested  1  hour. 

1.08 

3.51 

3.96 

3.82    , 

C.  11.  JoncH,  Vermont 

4.32 
4.35 

3.69 
3.69 

4.04 
4.04 

4.04 
3.97 

I 

[Digested  2k  to  3  hours. 

4.32 

3.76 

4.11 

3.97 

) 

F.  W.  Woll  and  Geo.  A.  Olson, 

4.16 

8.58 

4.01 

8.93 

Wiijconsin. 

4.19 

3.58 

4.01 

3.98 

4.17 

3.60 

4.08 

3. 95 

Digested  from  li  to  5  hours. 

4.14 

8.67 

4.07 
4.09 
3.97 

3.88 

3.95 

W.  H.  Scherffins  and  A.  M. 
Peter,  Kentucky. 

4.08 
4.07 

3.49 
3.53 

3.79 
3. 8t) 

Digested  3  hours. 

4.13 
4.12 

3.54 
3.  M 

3.95 
8.9^1 

3.86 
3.87 

DigcstAid  5  hours. 

W.  K.  Perkins.  Mississippi 

4.02 

3. 48 

8.89 

3.90 

Tahle  II.— J 

risoluble  i 

iltuxjen- 

Sumple 
No.  2. 

-NeiUral 

2)erm(wg 

anale  niHhod. 

Analyst. 

Sample 
No.l. 

Sjimple 
No.  3. 

Sample 
No.  4. 

Remarks. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

T.  C.  Treseot,  Washington,  D.  d. 

OJ\H 

0. 37 

0.94 

0.72 

Washed. 

.80 

.25 

.86 

.8;] 

1.90 

.46 

.91 

.60 

Not  washed. 

1.78 

.25 

.72 

.81 

Department  of  fcHxls  and  feed- 

1.85 

.40 

l.'>2 

.93 

ing.  Hatch  Experiment  Sta- 

1.78 

.39 

1. 15 

..S3 

tion,  Ma.ssaehusett.s. 

S.  H.  Sheih,  Vir^rinia 

.12 

.30 
.31 

.56 
.70 

.61 

.81 

L.  A.  Hill, New  Hamiwhire.... 

Not  washed. 

.m 

.56 

.78 

..SO 

.5:j 

.23 

.49 

.52 

.61 

.31 

.50 

.40 

W.  W.  Braman,  New  Hamp- 

.92 

..56 

.87 

.77 

shire. 

.40 

.36 

.56 

.  52 

A.  L.  Sullivan,  New  Humi>shire 

1.01 

.38 

.67 

-.50 

1.'28 

.41 

.67 

.52 

C.  II.  Jones,  Vennont 

1.29 

.3.5 

1.06 

.87 

F.  \V.  Woll  and  (leo.  A.  01«)n, 

.34 

1.17 

1.01 

1.52 

Wi-seonsin. 

.3ti 

1.12 

.99 

l.-V) 

W.  H.  Scherffins  and  A.   M. 

.39 

1.20 

.97 

1.51 

Peter,  Kentucky . 

1.26 

.45 

1.4S 

.97 

1.47 

.49 

l.:j:i 

.76 

1.26 

.  36 

1.53 

.83 

1.31 

.32 

1.05 

.91 

W.  R.  Perkins,  Mississippi 

.  59 

.41 

.70 

.71 

.59 

.n 

.68 

.64 
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Table  III. — Soluble  nitrogen — Alkaline  perimmfjfmatr  method. 


AnalysL 


T.  C.  Tre«cot,  Washi  ngton,  D.  C . 

Department  of  foodfl  and  feed- 
ing, Hatch  Experiment  Sta- 
tion, MaKnchw>ett8. 

L.  A.  Hill,  New  Hampshire 


Sample 
No.  1. 


Percent. 
2.46 

2.32 

2.38 


W.  W.  Braman, 
shire- 


New  Hamp- 
A.  L.  Sullivan,  New  Hampshire 
J.  Bernard  Robb,  Maryland 


C.  H.  Jones.  Vermont . 


r.  \V.  Woll  and  Geo.  A.  Olson, 
Wisconuin. 


W.  H.  Si^herflinj*  and  A. 
Peter,  Kentucky. 

W.  R.  Perkin.s,  MLNsi88ippi , 


M. 


Sample 
No.  2. 


Per  cent. 
1.57 

1.51 

1.30 


2.35 
2.73 

2.80 
2.99  I 
2.98  I 
2.90 
2.97 
2.83  1 
2.88  I 
2.75  I 
2.67  ! 
2.61  I 
2.22  i 
2.33  I 
2.27  I 
2.17  I 
1.64  j 
1.79  ' 
1.8:J 
2.81 
2.79 
2.75 


Sample 
No.  3. 


Per  cent. 
1.99 

2.10 

1.83 


1.30 
1.82 
1.96 
2.00 
1.93 
2.44 
2.27 
1.85 
1.84 
1.78 
1.60 
1.53 
1.2S 
1. 18 
1.40 
1.33 
1.25 
1.25 
1.2(5 
1.50 
1.62 
1.54 


1.82 

2.31 

2.:« 

2.71 

2.80 

2.41 

2.57 

2.40 

2.46 

2.31  j 

2.16  ' 

2.09  ' 

1.81  I 

1.81 

1.96  I 

1.79  j 

1.47  ' 

1.41  I 

1.34 

2. 31 

2.47 

2.^ 


Sample 
No.  4. 


Per  cent. 
1.68 

1.82 

1.55 

1.53 

1.51 

1.82 

2. 13 

2.57 

2.49 

2. 26 

2.54 

2.27 

2.17 

2.19 

1.86 

1.90 

1.77 

1.7S 

1.75 

t   1.70 

1.37 

1.3tl- 

1.48 

2.05 

2. 18 

2.07 


Reinarky. 


Distilleci  very  low. 
ix. 


Tablk  IV. — Avmlab'dUy  of  nitrogen  hi  neutrnl  peruutnganale. 


Analyst. 

Sample 
No.  1. 

Sample 
No.  2. 

l^r  cent. 

Sample 
No.  3. 



Per  cent. 

Samr>le 
No.  4. 

Per  cent. 

Remarks. 

Per  cent. 

T.C.Tre«cot,Wa8hington,  D.  V.. 

81.63 

91.36 

77.21 

80.06 

Wa.shed  until  neutral. 

fA.U 

90.25 

79. 49 

81.86 

Unwashed. 

Departmen  t  of  foods  and  feed- 

65.45 

89.00 

69.6.1 

76.05 

ing.  Hatch  Experiment  Sta- 

&7.21 

89.15 

71.24 

78.53 

tion,  Massachusetts. 

S.  H.  Sheib.  Virginia 

84.49 

9:1 52 

86. 24 

81. 97 

L.  A,  Hill,  New  Hampshire  .... 

88.97 

87.57 

80. 62 

77.68 

Unwashed  samples. 

86.75 

92.38 

86.85 

87.9-1 

Washed  stimples. 

W.  W.  Braman,  New  Hamp- 

83.50 

87,57 

81.  &1 

83.36 

shire. 

A.  L.  Sullivan,  New  Hampshire 

71.85 

88.28 

82.82 

81.70 

('.  H.  Jonej<,  Maryland 

70.20 

90. 57 

73. 89 

79. 45 

F.  W.  Woll  and  Geo.  A.  Olson, 

91.36 

67.31 

75.30 

61.26 

Wisconnn. 

W.R.  Perkins,  Mississippi 

85.32 

88.31 

82.26 

82.69 
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Table  V. — Availability  of  nitrogen  in  alkaline  permanganate. 


Analyst. 

Sample 
No.l. 

Sample 
No.  2. 

Sample 
No.  3. 

Sample 
No.  4 

Per  cent. 

Percent. 

Percent. 

Percent. 

T.  C.  Tresoot,  Washington 

S9.30 

42.89 

51.64 

45.63 

Department  of  foods  and  feed- 

57.26 

56.22 

45.45 

40.00 

ing.  Hatch  Experiment  Sta- 

89.47 

tion,  Massachiuictts. 

56.  G8 

36.04 

45.30 

39.00 

L.  A.  Hill,  New  Hampshire  .... 

69.17 

53.39 

61.53 

52.95 

W.  W.  Braman,  New  Hamp- 

74.50 

56.64 

70.33 

65.71 

shire. 

A.  L.  Sullivan,  NcwHampnhire 

T2.34 

70.57 

63.84 

65.21 

J.  Bernard  Robb,  Maryland 

69.63 

52.00 

60.91 

58.15 

C.  H.  Jones,  Vermont 

61.31 

40.88 

52.34 

47.12 

F.W.Woll  and  Geo.  A.  Olson, 

54.19 

36.31 

45.43 

44.30 

Wisconsin. 

W.  R.  Perkins,  Mississippi 

69.23 

45.21 

61.01 

53.84 

Ck)MMENT8  OP  Analysts. 

Department  of  Foods  and  Feeding^  Hatch  E.cj)eriment  Station. — Mechanical  conditions 
were  not  uniform ;  a  considerable  portion  of  each  sample  was  coarse.  The  substances 
should  l>e  reduced  so  as  to  pass  a  sieve  of  No.  2  perforated  sheet  metal  (400  perfora- 
tions to  the  scjuare  inch).  This  is  especially  true  of  mixtures  containing  highly 
nitrogenous  foods;  otherwise  sampling  for  nitrogen  determinations  or  availability, 
where  only  a  small  amount  is  employed,  is  very  unsatisfactory,  and  concordant 
results  are  j)racticall y  impossil)le  ex(?ept  by  chance. 

In  the  determination  of  total  nitrogen,  by  the  plain  Kjeldahl  method,  the  reagents 
used  in  the  digestion  were  one-half  gram  resublimated  metallic  mercury  (B.  and  A. ), 
25  oc  chemically  pure  sulphuric  acid,  specific  gravity  1.84  (B.  and  A.);  and,  in  the 
distillation,  200  cc  distilled  water,  25  cc  potassium  sulphid  solution,  1-25  (Merck), 
100  cc  sodium  hydrate  solution,  1-2  ("Red  heJirt"),  one-half  gram  granulated  zinc 
(30  mesh,  B.  and  A.) 

In  the  determination  of  total  nitrogen  by  the  plain  Kjeldahl  method  plus  sul- 
phate, the  reagents  used  were  the  same  as  in  the  plain  Kjeldahl  with  the  addition 
of  10-12  grams  of  crystallized  jwtassium  sulphate  (B.  and  A.),  to  facilitate  the  diges- 
tion and  to  insure  more  perfect  oxidation. 

The  results  were  as  follows: 

(1)  More  perfect  oxidation;  this  is  noticeable  in  every  case  where  cotton-seed 
meal  is  present;  the  average  increase  in  nitrogen  for  the  samples  is  0.056  per  cent, 
3.943  j)er  cent,  and  3.887  per  cent. 

(2)  More  rapid  oxidation;  the  solutions  cleared — i.  e.,  bulk  of  on?anic  matter  was 
destroyed  in  twenty-one  minutes  (average)  as  against  forty-one  minutes  in  the  plain 
Kjeldahl  method. 

(3)  There  is  less  reaction  upon  the  addition  of  water  in  preparing  for  the  distilla- 
tion than  in  the  case  of  the  plain  Kjeldahl  method. 

The  mechanical  condition  prevented  the  obtaining  of  closely  agreeing  results  in 
both  methods. 

The  neutral  permanganate  solution  was  prepared  from  pure  crystallized  reagent 
(Merck).  The  plain  Kjeldahl  method  plus  sulphate  was  used  for  the  determination 
of  the  nitrogen  in  the  insoluble  residue.  Unevenness  of  the  samples  and  variation 
in  action  of  the  solvents  probably  account  for  the  poor  parallels.  The  obj emotionable 
features  in  the  manipulation  of  this  method  are  chances  of  error  from  repeated  trans- 
ferring, etc.,  length  of  time  required,  and  difficult  filtration. 
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The  alkaline  permanganate  solution  was  prepared  from  pure  crystallized  potassium 
permanganate  (Merck)  and  stick  sodium  hydrate,  purified  by  alcohol  (Merck). 
The  results  are  apparently  low.  This  can  be  accounted  for,  partly  at  least,  l)y 
errors  in  the  method  as  sent  out: 

(1)  A  weak,  incorrectly  prepared  solution.  Sixteen  grams  of  powdered  crystal- 
lized potassium  permanganate  and  150  grams  of  sodium  hydrate  should  be  dissolved 
in  water,  and  after  cooling  made  up  to  1,000  cc. 

(2)  Substances  too  coarse  to  receive  the  maximum  effect  of  the  solution. 

(3)  Digestion  too  short.  The  heating  should  be  maintained  for  one  hour  without 
distilling  over,  but  not  necessarily  below  ebullition,  and  the  flask  should  he  shaken 
occasionally  to  wash  down  adhering  particles.  The  diiitillation  should  be  conducted 
as  usual,  simply  using  care  not  to  break  the  flask.  The  objectionable  feature  in  the 
manipulation  is  the  adhering  of  tbe  material  to  the  sides  of  the  flask  and  the  small- 
neas  of  the  solution  with  which  to  wash  it  down.  Little  or  no  fn)thing  occurs  after 
proper  digestion. « 

C.  IT.  Jones,  Vermont. — The  filtrate  after  the  digestion  with  neutral  |)ermanganate 
solution  wsu)  colorless  in  each  case. 

With  the  alkaline  permanganate  method  I  am  satisfied  that  the  preliminary  diges- 
tion of  thirty  minutes  or  one  hour  is  necessary,  not  so  much  that  the  results  may  be 
slightly  increased,  but  that  danger  from  frothing  is  lessened  if  not  entirely  obviated 
when  the  distillation  begins.  It  should  Y)e  noted  that  it  is  quite  necessary  to  rotate 
the  flask  occasionally  during  the  digestion  and  distillation  if  the  material  shows  a 
tendency  to  creep  up  the  sides  of  the  flask. 

I  reground  samples  Nos.  1,  3,  and  4  1  before  making  any  tests,  as  the  samples  contain- 
ing blood  seemed  to  me  too  coarse  to  enable  one  to  get  concordant  results  with  the 
Kjeldahl  method. 

/.  B.  Robb,  Maryland. — ^The  total  nitrogen  was  dotermine<l  by  the  (lunning  method 
and  the  samples  were  digested  for  one  hour. 

In  the  alkaline  permanganate  method  the  fla^^ks  were  shaken  several  timen  during 
the  process  of  distillation  to  prevent  the  material  from  adhering  to  the  8i<ieH  of  the 
flask. 

In  my  opinion  the  neutral  permanganate  method  is  very  unsatisfactory,  as  the 
results  obtained  by  it  are  not  at  all  conconlant 

F,  W.  WoU,  Wisconsin.— No.  597,  »S.  &  S.  filters  9  vau  were  U8e<l. 

Sample  No.  1,  blood,  washed  clear. 

Sample  No.  2,  cotton-see<i  meal,  washe<l  turbid,  which  necessitated  refiltering 
through  double  paper  (No.  597,  S.  &  S.). 

Sample  No.  3,  washed  clear. 

Sample  No.  4,  washed  turbid,  treated  the  same  as  sample  No.  2. 

Jena  800-cc  round-bottom  flasks  were  usimI  for  distillation. 

A,  Af.  Peter,  Kentucky. — It  l)eing  apjmreiit  that  all  the  {KTiimnganate  was  reduced 
before  the  digestion  was  completed,  in  the  alkaline  method,  an  a<l<litional  quantity 
of  1^  grams  permanganate  dissolved  in  100  cc  water  were  added  to  each  of  the  flasks 
in  set  3  and  the  distillation  repeated,  the  following  a^ldititmal  (quantities  of  nitrogen 
i)eing  obtained:  Sample  No.  1,  1.25  per  cent;  No.  2,  1.30  i)er  cent;  No.  3,  1.54  i)er 
rent;  No.  4,  1.40  per  cent.  At  theclofie  of  tb<^  distillation  the  liquid  in  the  flasks 
was  still  green  from  excess  of  mangan^i^ 

Another  portion  of  1.6  grams  periij. 
flask  and  the  distillation  was  repeate^l    ^S**"**'    f()lU>wing  results:  Additional  nitrogen 
obtained  from  sample  No.  1, 0.40  pe^    Vith  ^'^     „  0.'^  P^'^  ^'^"^''  ^''*-  ^»  ^-^  P*'^  *'*""**' 


Another  portion  of  1.6  grams  perm^"^*     ^*^  and  100  cc  waU.*r  was  abided  to  each 
ask  and  the  distillation  was  repeate^l  i  *>  ^ 

btained  from  sample  No.  1, 0.40  pe^    Vith  ^^^ 
No.  4,  ai3  per  cent  %  ^.  lf<>' 

The  total  available  nitrogen  obt^  ^  *  '      ^  tbtt*^  distillations  was  as  follows: 


'\    .  Jfl    *^      -      _-    ;r.w.tit  sitati.^t.    .V  219. 
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Sample  No.  1,  3.22  per  cent;  No.  2,  2.7()  per  cent;  No.  3,  3.08  per  cent;  No.  4,  3.01 
per  cent. 

Another  set  of  determinations  was  made,  following  the  referee's  directions  in 
every  re.spect,  excei)t  that  200  cc  of  alkaline  i>ennanganate  were  usetl  instead  of  100  * 
cc.     The  results  were  that  the  following  percentages  of  available  nitrogen  were 
obtained:  Sample  No.  1,  2.24;  No.  2,  1.90;  No.  3,  2.17;  No.  4,  2.10. 

Still  another  series  was  made,  following  the  referee's  directions  in  every  particular, 
except  that  the  distillation  was  pushed  until  the  residues  in  the  flasks  were  dry  at 
the  bottom.  In  this  set  some  parts  of  the  residue  may  have  been  overheated,  as  the 
flasks  were  over  the  direct  flame.  The  results  were  the  following  percentages  of 
available  nitrogen:  Sample  No.  1,  2.58;  No.  2,  2.16;  No.  3,  2.93;  No.  4,  1.50. 

It  appears  that  there  is  not  enough  permanganate  in  100  cc  of  tlie  alkaline  solution 
as  prescribed  to  i'.^nnp]e-U^  the  decomposition.  I  do  not  see  that  either  method  is  giv- 
ing us  available  nitrogen,  an<l  the  alkaline  permanganate,  as  carried  out,  seems  to  be 
especially  faulty. 

Dis<'ussioN  OF  Results. 

Without  discarding  any  figuri's  on  total  nitrogen,  the  differences  l^etween  maxi- 
mum and  minimum  results  arc,  resjxictively,  0.60  in  No.  1,  0.46  in  No.  2,  0.36  in 
No.  3,  and  0.40  in  No.  4.     These  <liscrei>ancie8  are  large  for  total  nitrogen. 

The  point  mentioned  by  the  referee  last  year  with  regard  to  the  time  of  digestion 
is  brought  out  here,  namely,  that  the  <ligestion  should  be  prolonged  in  order  to 
insure  the  recovery  of  all  the  nitrogen.  » 

Setting  aside  the  highest  and  lowest  results  we  have  determinations  ranging 
within  less  than  0.3  per  cent,  which  is  as  exact  a  result  as  has  l)een  obtained  in 
the  past. 

When  the  results  on  the  availability  of  the  nitrogen  are  considered,  it  is  seen  that 
duplicate  analy-ses  by  any  one  analyst  agree  well,  taking  each  method  by  itself. 

Both  methods  have  lx?en  evolved  from  the  method  of  determining  albuminoid 
ammonia  in  water,  as  is  shown  by  the  first  method  propoae<i  in  the  reports  of  the 
association. «  They  differ  radically  in  principle,  the  neutral  permanganate  l)eing 
used  merely  to  dis.solve  the  nitrogen,  while  the  alkaline  metho<l  dissolves  it  and  also 
transforms  it  into  ammonia. 

The  critical  features  of  the  former  method  are  time  and  temperature,  as  in  deter- 
mining citrate  soluble  phasi)horic  acid.  The  latter  method  possesses  the  same  weak- 
ness possessed  by  Wanklyn's  method  for  albuminoid  anmionia — that  in  the  case  of 
vegetable  mattc»r  it  will  recover  only  alxjut  one-half  of  the  total  nitrogen,  and  its 
critical  features  are  the  amount  of  i)ermanganate  whicth  will  be  affected  by  cellulose 
and  the  amount  of  di.stillate  which  is  collected. 

As  is  mentioned  by  Mr.  Peter,  neither  method  seems  to  give  the  available  nitro- 
gen; yet  I  can  think  of  nothing  l)etter.  We  have  in  fertilizers  about  all  forms  of 
vegetable  and  animal  j)roteids,  lK>th  raw  and  cooked.  Obviously  none  of  the  usual 
solvents  for  proteids  can  be  employed  in  this  work.  We  must  therefore  attempt  to 
use  a  substitute. 

The  neutral  pennanganate  method  has  compared  most  favorably  with  vegetation 
tests  in  its  relative  effects  on  the  various  nitrogenous  fertilizers.  On  the  other  hand, 
the  alkaline  metluxl  is  a  convenient  one  for  determining  whether  a  fertilizer  is  easily 
transformed  to  ammonia  or  not. 

This  method  neeils  to  be  modified  somewhat.  If  more  time  had  been  available, 
the  referee  would  have  tried  increasing  the  amount  of  solution  used  in  order  to  have 
a  greater  volume  for  <listillation  and  the  regulation  of  the  amount  of  distillate  col- 
lected.    Reasoning  from  the  practice  with  allMuninoid  ammonia  in  water  analysis, 
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this  latter  point  would  be  especially  important.  Another  fact  which  l)cars  on  this 
|.oint  is  that  in  residues  after  distillation,  when  washed  as  in  the  neutral  inetho<i  and 
the  insoluble  nitrogen  determine<l,  the  nitrogen  was  found  to  have  been  almost 
totally  dissolved,  even  in  a  sample  of  ground  leather. 

With  regard  to  the  neutral  method  1  think  that  the  use  of  a  Witt  plate  or  Ilirsh 
funnel  is,  as  a  rule,  advantageous  in  reducing  the  time  and  in  enabling  one  to  use  a 
smaller  filter  paper. 

I  do  not  think  it  necessary  to  make  a  change  in  the  method  of  determining  total 
nitrogen,  although  the  weight  of  evidence  is  in  favor  of  prolonging  digestion  for 
three  or  more  hours.  The  increase  in  nitrogen  is  so  slight  that  it  would  be  negli- 
gible in  some  work,  while  important  in  others.  The  good  sense  of  our  station 
chemists  will  result  in  their  familiarizing  themselves  with  the  work  of  the  associa- 
tion on  such  a  point,  after  which  the  character  of  the  work  wifl  govern  the  mode  of 
execution. 

I  lielieve  that  the  alkaline  permanganate  method  is  worthy  of  further  attention, 
and  that  each  method  should  be  reduced  to  a  fonn  which  will  give  more  closely 
concordant  results. 

My  only  recommendation  as  a  result  of  this  year's  work  is  that  the  subject  be 
continued  by  the  next  referee,  with  the  view  of  getting  more  conconlant  results  with 
each  method. 

The  President.  Ls  there  any  discussion  on  this  subject?  There 
was  a  time  when  this  association  discussed  the  papers  submitted  by 
referees. 

Mr.  Cavaxaugh.  In  determining  nitrogen  in  the  Cornell  University 
agricultural  experiment  station  laboratory,  both  mercuric  oxid  and 
potassium  sulphate  are  used.  The  order  of  adding  the  potassium  sul- 
phate and  sodium  hydroxid,  as  given  in  the  present  oflScial  method,  is 
reversed.  The  sodium  hydroxid  is  added  first,  and  the  precipitated 
mercurammonium  compound  is  then  decomposed  by  the  potassium 
sulphate.  That  complete  decomposition  takes  place  has  been  repeat- 
edly demonstrated  !)y  many  trials,  comparing  this  modification  with 
the  official  methods.  The  advantage  gained  is  in  adding  the  potas- 
sium sulphid  to  an  alkaline  solution,  thereby  avoiding  ah  evolution  of 
hydrogen  sulphid.  The  time  of  digestion  is  shorter  when  both  mer- 
curic oxid,  or  mercury,  and  potassium  sulphate  are  used  than  with 
either  alone.  Distillation  with  steam  has  been  found  very  efficient, 
especially  in  soil  work.  No  bumping  ever  occurs  even  when  there  is 
a  large  amount  of  precipitate  in  the  distilling  flask. 

The  President.  1  will  now  call  for  the  report  on  sugar. 

EEPOET  ON  SUGAE. 
By  G.  L.  Spencer,  Tieferee. 

The  associate  referees,  Messrs.  L.  S.  Munson  and  L.  M.  Tolman,  have  conducted 
the  experimental  work  on  chemical  and  optical  methods  in  sugar  analysis.  No 
report  is  presented  by  Mr.  D.  L.  Davoll,  who  was  appointed  to  investigate  special 
analytical  methods  used  in  the  sugar  industry. 

Outline  of  Work  Done. 

I  shall  present  a  brief  outline  of  the  investigations  made,  and  from  these  and  the 
results  of  my  own  experience  in  those  analytical  metho<ls  of  si)ecial  im|)ortanco  in 
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the  sugar  industry,  recommendations  will  be  offered  upon  optical  and  chemical 
metliods  and  upon  that  part  of  the  work  which  was  allotted  to  Mr.  DavoU. 

Mr.  Munson's  investigations  were  uia<le  with  a  view  to  the  simplification  of  the 
metho<ls  for  determining  reducing  sugars  and  increasing  the  accuracy  of  such  work. 
He  reviewed  the  work  of  many  chemists,  and  tronducted  analyses  for  the  verification 
of  their  results.  He  ma(ie  experiments  to  determine  whether  the  copper  in  the 
cuprous  oxid  obtaine<i  in  the  reduction  method  can  be  accurately  ascertained  from 
the  weight  of  the  suboxid.  His  results  fully  demonstrate  the  accuracy  of  the  method 
in  which  the  suboxid  is  directly  weighed.  Mr.  Munson  also  conducted  investiga- 
tions along  the  line  of  devising  a  single  copper  solution  which  could  be  used  with  all 
reducing  sugars  with  a  uniform  length  of  time  and  method  of  heating.  This  work 
has  led  to  no  definite  conclusions,  but  the  outlook  is  sufficiently  promising  to  war- 
rant continuing  these  investigations  another  year.  He  also  investigated  various  con- 
ditions which  modify  the  reduction.  The  results  of  Mr.  Munson's  investigations 
will  be  given  in  a  paper  which  he  will  read  at  the  proper  time. 

The  work  of  Mr.  Tolman  was  in  the  study  of  optical  methods  for  the  determina- 
tion of  sucrose.  Mr.  Tolman  matle  experiments  to  show  the  effect  of  varying  quan- 
tities of  acid  in  the  inversion  upon  given  quantities  of  sugar,  and  made  a  study  of  the 
effect  of  these  changes  upon  the  factor  used  in  the  calculations.  He  also  made  a 
study  of  inversion  at  ordinary  laboratory  temperatures,  with  a  view  to  simplifying 
the  optical  method  usually  termed  Clerget's  method. 

Mr.  Tolman  investigated  the  use  (  f  hydroi^hloric  acid  in  the  proportions  used  in 
the  German  official  method,  in  the  inversion  of  sucrose  at  ordinary  temperatures  and 
obtained  very  satisfactory  results.  His  investigations  and  the  very  large  amount  of 
work  that  has  been  done  abroad  in  the  verification  of  the  German  official  method 
render  it  advisable  that  we  adopt  it  as  the  official  method  of  this  association. 

Mr.  Tolman  also  investigated  the  use  of  citric  acid  in  the  inversion  of  sucrose,  and 
demonstrated  that  in  the  absence  of  sodium  acetate  it  will  give  very  accurate  results. 
Its  advantage  lies  in  not  affecting  the  rotatory  power  of  levulose  or  decomposing  it. 
This  method  of  inversion  is  of  value  in  the  examination  of  honeys.  Mr.  Tolman  has 
prepared  a  paper  for  the  association,  giving  his  investigations  in  full. 

In  the  matter  of  special  analytical  methods  used  in  the  sugar  industry,  those 
which  should  claim  the  attention  of  this  association  are  methods  relating  to  the 
analysis  of  sugar  beets,  with  a  view  to  fixing  their  purchase  price,  and  the  methods 
for  the  analysis  of  raw  sugars. 

In  our  opinion  only  direct  methods  of  beet  analysis  need  be  considered.  These 
methods  are  divided  into  two  classes,  viz,  alcoholic  and  aqueous  methods.  The 
alcoholic  methods  are  usually  considered  the  more  scientific  and  are  largely  employed 
in  sugar-house  control.  The  Germans  usually  prefer  the  alcohol  methods.  The 
aqueous  methods,  devise<l  by  Pellet,  are  uned  almost  exclusively  in  France  and  Bel- 
gium and  to  a  large  extent  in  Germany  and  in  the  United  States.  Owing  to  the 
expense  incurred  in  the  alcoholic  methods  for  the  solvent,  and  also  to  the  time 
involved,  the  wat«r  methods  and  the  indirect  method  are  used  almost  if  not  quite 
exclusively  in  this  country  in  testing  beets  to  fix  the  purchase  price. 

The  question  of  the  examination  of  raw  sugars  has  been  very  thoroughly  consid- 
ered by  the  Treasury  commission  and  by  the  committee  of  the  international  congrt*.** 
of  applied  chemistry  and  we  shall  base  our  recommendations  largely  upon  their  work. 

Recommendations. 

The  referee  and  his  associates  offer  the  following  recommendations  for  changes  in 
and  additions  to  the  official  methods  and  for  future  work: 

(1)  To  the  heading  **  Determination  of  water,"  page  27, «  add  *' and  density;"  after 
(a)  insert  *' water,"  and  after  (b)  change  to  read  "Areometric  methods  for  density 
and  indirect  estimation  of  water." 
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(2)  Page  28:  Insert  the  following  to  precede  the  table: 

This  method  is  accurate  with  li<iui(l8  containing  only  soluble  carbohydrates.  Wiih 
sirups,  molasses,  and  liquids  containing  mineral  matter,  the  results  are  only  roughly 
approximate. 

(3)  Page  38 :  Insert  the  following  method  for  ascertaining  the  amount  of  copper 
reduced,  as  a  provisional  method: 

(/)  Method  by  Dirbct  Weighing  of  the  Cuprous  Oxid:  Prepare  a  Gooch  cruci- 
ble for  the  filtration  by  loading  it  with  a  felt  of  asbestos  one-fourth  inch  thick.  First 
thoroughly  wash  the  asbestos  with  water  tx)  remove  small  particles,  then  follow  suc- 
t-essively  10  ic  alcohol  and  10  cc  of  ether,  and  dry  the  crucible  and  contents  thirty 
minutes  in  a  water  oven  at  100°  C 

Collect  the  precipitated  suboxid  of  copper  in  the  felt  as  usual,  thoroughly  wash  it 
with  hot  water,  then  with  10  cc  of  alcohol,  and  finally  with  10  cc  of  ether.  Dry 
the  precipitate  thirty  minutes  in  a  water  oven  at  100°  C;  cool  and  weigh  it.  The 
weignt  of  cuprous  oxid  multiplied  by  0.888  gives  the  weight  of  metallic  copper. 

(4)  Page  39,  "Optical  methods  for  the  determination  of  sucrose,"  omit  Clei^t's 
method  (page  39)  and  Creydts'  method  (page  40),  and  substitute  for  them  theGrerman 
official  methods,  as  follows: 

Determination  ofmcrose  and  raffinose. — This  method  is  not  applicable  in  the  presence 
of  optically  active  bodies  other  than  sucrose  and  raffinose.  Percentages  of  raffinose 
less  than  0.33  can  not  be  determined  with  certainty  by  this  method. 

Dissolve  the  normal  weight  of  the  material  in  water,  clarify  as  usual,  and  dilute 
to  100  cc.  Filter  and  polarize  the  filtrate  at  20°  C.  Record  the  polariscope  reading 
as  the  direct  reading  or  polarization  before  inversion. 

Dissolve  13.021  grams  of  the  substance  in  75  cc  of  water  in  a  100-cc  flask,  and  add 
little  by  little,  while  rotating  the  flask,  5  cc  of  hydrochloric  acid  containing  38.8  per 
cent  of'  the  acid ;  and  heat  the  contents  of  the  flask,  after  mixing,  on  a  water  bath 
heate<l  Uj  70**  C.  The  temperature  of  the  solution  in  the  flask  should  reach  67°  to 
70°  in  two  and  one-half  to  three  minutes.  Maintain  a  temperature  of  as  nearly  69° 
as  possible  during  seven  to  seven  and  one-half  minutes,  making  a  total  time  of  heat- 
inj?  of  ten  minutes.  Remove  the  flask  and  cool  the  contents  rapidly  to  20°  C,  and 
dilute  the  solution  to  100  cc.  Polarize  this  solution  in  a  tube  provided  with  a  lateral 
branch  and  a  water  jacket  passing  a  current  of  water  around  the  tube  to  maintain  a 
temperature  of  20°  C. 

Multiply  the  invert  reading,  made  at  20°  C.  by  2.  If  a  preliminary  calculation  using 
the  formula, 

0.7538X  (algebraic  difference  of  the  direct  and  invert  readings)  =  per  cent  sucrose, 

gives  a  percentage  which  is  more  than  1  j>er  cent  higher  than  the  direct  reading, 
raffinose  is  probably  present,  and  the  following  formuhe  by  Creydt  should  l>e  used: 

P— the  direct  reading. 

I— the  invert  reading. 

8  -the  percentage  of  sucrose. 
R— the  percentage  of  anhydrous  ralFnose. 

0.5188P-I   p_P-S 
^~     0.8454     '*^""1.85- 

DetermiruUion  of  fntcrftse  in  the  absence  of  raffinose, — The  inversion  and  observation 
should  be  made  as  described  above  and  the  following  formula  used: 
When  the  polarizations  are  made  at  20°  C. : 

^^=1^2  fift j5o6=0.7538X  (P — I). 

Should  the  temperature  (t)  vary  from  20°,  which  is  permissible  within  narrow 
limits,  in  the  aljsence  of  raffinose  use  the  following  formula: 

100  (P-I) 
^~  142.'66-|. 

It  U  recommended  that  it  also  be  permissible  to  conduct  the  inversion  as  follows: 

PrepaCre  the  solutions  as  describe<l  above,  using  50  cc  of  water  instead  of  75  cc  and 

employing  the  propf>rtion  of  acid  specified,  and  set  the  flask  aside  during  a  period 

of  twenty-four  hours  at  a  temperature  of  not  below  20°  C. ;  or  if  the  temperature  be 

above  25°  set  aside  ten  hours. 
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(5)  For  the  (iirect  analysiw  of  miprar  beets  we  recommend  that  the  following  l>e 
inserted  hh  provisional  methods: 

(a)  Scfieifjler^t<  alrohoUv  method. — In  the  direct  analysis  of  the  beet  with  the  Soxhlet- 
Sickel  apparatus  by  Scheibler's  method,  proceed  as  follows  for  the  extraction  of  the 
sucrose: 

Place  a  plug  of  absorbent  crotton  in  the  bottom  of  the  tube,  then  introduce  26.048 
grams  of  the  pulped  beet,  or  2X16.29  grams,  according  to  the  polariscope  in  use, 
pressing  the  pulp  lightly  with  a  rod.  Very  small  fragments  of  the  beet  may  be  used 
instead  of  pulp.  Connect  the  extractor  with  the  reflux  condenser.  Place  75  cc  of  95 
j)er  cent  alcohol  in  the  flask  and  conntH't  with  the  extractor;  heat  the  flask  in  the 
water  bath  and  (H)ntinue  the  extractinn  from  half  an  hour  to  two  hours  or  more, 
acconling  to  the  state  of  division  of  the  sample.  Use  somewhat  weaker  alcohol  if 
only  16.29  gnims  of  pulp  be  taken.  Cool  and  remove  the  flask,  substitute  a  second 
containing  75  cc  of  75  to  80  ]>er  cent  alcohol,  and  continue  the  extraction  to  ascertain 
w^hether  the  first  extraction  were  complete. 

Fill  the  first  flask  to  the  lOO-cc  mark,  after  treating  the  sample  with  two  or  three 
drops  of  sul)acetate  of  lead  solution,  ^lix  the  (contents  of  the  flask.  Alter,  and  ^)olar- 
ize.  Having  extracted  the  normal  wcMght  of  pulp,  the  polarisc'opic  reading  is  the 
per  cent  of  sucrose  in  the  sample. 

The  extra('t  in  the  second  flask  should  also  l)e  polarized  as  a  check  upon  the 
extraction. 

Great  care  is  essential  in  the  polarization  of  alcoholic  solutions.  The  least  quan- 
tity of  subacetate  of  lead  that  will  clarify  the  solution  should  Ix^  used.  The  solu- 
tion must  be  [)rotectod  from  evaj)oratic)n  during  the  flltration  by  a  cover  glass.  Avoid 
irregularities  in  the  temperature  of  the  solution  in  the  observation  tul)e,  due  to  the 
warmth  of  the  hands;  since  the  density  of  the  solution  in  different  parts  of  the  tul)e 
will  vary  under  such  conditions,  striic  will  form,  rendering  an  accurate  reading 
impossible. 

The  Scheibler  method,  as  above  described,  differs  from  the  original  only  in  a  few 
minor  details,  especially  in  the  arrangement  of  the  extraction  apparatus.  The 
Soxhlet  extraction  apparatus  is  much  more  effective  than  Scheibler's  original  instru- 
ment. 

(h)  PelleVs  aqueous  method — Hot  dUiMion. — Any  good  rasp  may  lx»  used  in  the 
preparation  of  tne  pulp  for  this  method.  The  special  flasks  with  enlarged  ne(!ks  are 
convenient  for  use  in  this  method.  Transfer  26.048  grams  of  the  pulp  to  the  flask, 
using  a  little  water  to  wash  the  weighing  cansule  ami  funnel;  or,  for  the  I^urent, 
employ  32.58  grams  of  pulp,  i.  e.,  2  X  normal  weight.  The  flasks  are  graduated  to 
contain  201.:i'>  cc  for  the  Schmi<lt  and  Haensch  and  201.7  cc  for  the  l^urent  jwlari- 
pcopes,  in  order  to  compensate  for  the  volume  of  the  marc  and  the  lead  preci[)itate. 
Add  5  to  10  cc  subacetate  of  lead  solution  of  54.3°  Brix  for  the  clarification.  Approxi- 
mately 6  to  7  cc  are  required  per  26  grams  of  lx*et  i)ulp.  Tliis  reagent  should  be  run 
into  tlie  flask  in  a<lvance  of  tne  beet  pulp.  Ad<l  a  few  droj)s  of  ether  to  beat  down 
the  foam,  then  sufficient  water  to  incn^fise  the  volume  of  the  solution  to  about  UK)  cc. 
Heat  to  80°  C.  in  a  water  bath  and  maintain  this  temperature  about  thirty  minutes, 
occasionally  giving  the  flask  a  circular  movement  to  facilitate  the  escape  of  the  air 
from  the  pulp.  Increase  the  volume  of  the  solution  from  time  to  time  during  the 
heating,  so  that  when  the  operation  is  completed  only  a  few  drops  of  wat^T  will  be 
required  to  complete  the  volume  of  the  solution  to  the  mark.  Alter  approximately 
thirty  minutes'  heating,  cool  the  flask  and  contents  and  add  strong  acetic  acid  to  the 
solution  to  acidity,  dilute  to  the  graduation,  mix,  and  filter.  The  state  of  divisitm  of 
the  pulp  will  govern  the  time  of  heating.  In  polarizing  the  filtrate,  use  a  400-mm. 
observation  tul)e,  thus  directly  obtaining  the  per  cent  sucrose  in  the  beet  with  the 
Schmidt  and  llaensch  polariscoi)e,  or  double  this  percentage  if  the  Laurent  instru- 
ment be  used. 

(6)  For  the  analysis  of  sugars  we  recommend  that  the  methods  selected  by  the 
international  committee  for  unifying  methods  of  sugiir  analysis  be  adopted  as  pro- 
visional metlKxls  of  this  association.     These  methods  are  as  follows: 

1.  In  general,  all  sugar  tests  shall  be  made  at  20°  C. 

2.  The  graduation  of  the  saccharimeter  shall  be  made  at  20°  C.  Twenty-six  grams 
of  pure  sugar,  dis.Molved  in  water,  and  the  volume  made  up  to  100  metric  cc,  or  during 
the  i>eriod  of  transition  26.048  grams  of  ])ur(»  s::gar  in  100  Mohr  cc,  all  weighings 
to  be  made  in  air  with  bra.*^s  weight**,  the  comj)letion  of  the  volume  and  the  polariza- 
tions to  l)e  made  at  20°  on  an  instrument  graduated  at  20°  should  give  an  indica- 
tion of  100  on  the -scale  of  the  saccharimeter.  For  countries  where  temperatures 
are  usually  higher  than  20°  ( ■.,  it  is  permissible  that  saccharimcters  be  graduated  at 
30°,  or  any  other  suitable  temi>erature,  under  the  condition.*?  sj>ecified  above,  provid- 
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ing  that  the  analysis  of  the  sugar  be  made  at  the  same  temperature — that  is,  that 
the  volume  be  cDmploted  and  the  polarizations  made  at  the  temperature  specified. 

3.  Preparation  of  jmre  sugar:  Purest  eomiiienual  sugar  is  to  be  farther  purified  in 
the  following  manner:  A  hot  saturated  aqueous  solution  is  prei>aijHl  and  the  sugar 
precipitate<l  with  alie-olute  ethyl  alcohol;  tne  sugar  is  carefully  spun  in  a  small  cen- 
trifugal machine  and  washed  in  the  latter  with  al)8olute  alcohol.  The  su^r  thus 
obtained  is  redissolved  in  water,  the  saturated  solution  again  precipitated  with  alco- 
hol and  washed  as  alx>ve.  The  product  of  the  second  crop  of^  crystals  is  dried 
l)etween  blotting  jiaper  and  preserved  in  glass  vessels  for  use.  The  moisture  still 
containeil  in  the  sugar  i.H  deternnned  and  taken  into  account  when  weighing  the 
.sugar  which  is  to  l)e  used. 

Tlie  committee  further  decided  that  central  stations  shall  be  designated  in  each 
country  which  are  to  be  charged  with  the  i)reparation  an(t  distribution  of  chemically 
pure  sugar.  Wherever  this  arrangement  is  not  feasible,  quartz  plates,  the  values  of 
which  have  l)een  determineJ  by  means  of  chemically  pure  sugar,  shall  serve  for  the 
control  of  the  sacchari meters.  The  committee  further  decide<l  that  the  above  con- 
trol of  quartz  plates  by  means  of  chemically  pure  sugar  should,  as  a  rule,  apply  only 
to  the  central  stations  which  are  to  tt^t  the  (correctness  of  saccharimeters;  for  those 
who  execute  commercial  analyses,  the  rej>eated  control  of  the  instnmients  is  to  be 
accYjmplished,  now  as  before,  by  quartz  plates. 

4.  In  effecting  the  polarization  of  substances  containing  sugar,  half-shade  instru- 
ments, or  triple  field,  onlv  are  to  be  employed. 

5.  During  the  observation  the  apparatus  must  l)e  in  a  fixed  positicm  and  so  far 
removed  from  the  source  of  light  that  the  polarizing  nicol  is  not  warmed. 

6.  Sources  of  light  may  be  gas,  triple  burner  with  metallic  cylinder,  lens  and 
reflei'tor;  gsis  lamp>:  with  Auer  (\Velsl)ach)  burner;  electric  lamp;  petroleum  duplex 
lamp;  scMlium  light.  Several  n^atlings  are  to  be  made  and  the  mean  thereof  taken, 
but  any  one  reading  must  not  be  neglected. 

7.  In  making  a  polarization,  the  whole  normal  weight  for  100  cc  is  to  be  used,  or 
a  multiple  thereof  for  any  corresponding  volume. 

8.  As  clarifving  and  decolorizing  reagents  there  maybe  used:  (a)  8ul>acetate  of 
lead  (3  parts  by  weight  of  acetate  of  lead,  1  part  by  weight  of  ox  id  of  lead,  10  parts 
by  weight  of  w^ater);  (/>)  alumina  cream;  (r)  ccmcentrated  solution  of  alum.  Bone- 
black  and  decolorizing  agents  are  to  be  excluded. 

9.  After  bringing  t!ie  solution  exactly  to  the  mark,  at  the  proper  temperature,  and 
after  wiping  out  the  neck  of  the  flask  with  filter  paper,  all  of  the  well-shaken  clarified 
sugar  solution  is  poured  upon  a  dry  rapidly  acting  filter.  The  first  portions  of  the 
filtrate  are  to  be  rejecte<l  and  the- rest,  which  must  be  perfectly  clear,  used  for  polar- 
ization. 

(7)  For  future  investigations  we  recommend  a  continuation  of  the  studies  along 
the  lines  of  those  of  this  year. 

-   The  President.  Are  thoro  any  papers  on  this  subject  for  presen- 
tation ? 

Mr.  MuNSON.  I  have  a  paper  on  sugar  to  subniit  to  the  association. 

METHODS  POR  DETEEMINDTG  EEDUOING  SUGARS. 

By  L.  8.  MuNsox. 
METnons  ix  Use. 

The  methods  now  used  by  this  awociation  for  the  determination  of  reducing  sugars 
are:  ( 1 )  an  approximate  volumetric  method  for  rapid  work;  (2)  Soxhlet's  volumetric 
metho<l  for  more  exact  work;  (3)  Herzfeld's  method  for  analysis  of  mixtures  con- 
taining less  than  1  per  cent  of  reducing  sugar;  (4)  Meissl  and  I  filler's  methwl  for 
analysis  of  mixtures  containing  from  1  per  cent  to  100  i)er  cent  of  reducing  sugars; 
(5)  Allihn's  method  for  the  determination  of  dextrose;  and  (6)  Soxhlet's  metluKl 
for  the  determination  of  milk  sugar.  No  method  has  ever  been  accepted  by  the 
aaeociation  for  the  determination  of  maltose. 

The  methods  for  invert  sugar  and  dextrose  were  adopted  at  the  ninth  annual  meet- 
ing of  the  association,  and  have  been  ustnl  to  the  present  time  without  any  modifica- 
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lion.  Soxhlet'n  method  for  milk  sugar  was  adopted  at  a  later  date,  and  is,  without 
modification,  the  metho<l  devised  by  Soxhlet  in  1880.  The  volumetric  methods  are 
but  little  used,  except  in  sugarhouse  control,  where  rapidity  ia  essential.  The  gravi- 
metric methods  for  both  invert  sugar  and  dextrose  are  so  extensively  used  in 
agricultural  chemical  analysis  that  it  was  thought  advisable  to  spend  the  time  of  the 
associate  referee  in  work  ujxin  these  methods.  In  outlining  this  work  with  the 
referee,  it  was  decided  that  an  attempt  should  be  made  to  devise  a  common  method 
for  all  the  reducing  sugars,  and  to  construct  tables  giving  values  of  the  reduced  cop- 
per in  terms  of  the  various  sugars.  Such  a  method  would  greatly  simplify  the 
reducing  sugar  proposition  by  dohig  away  with  the  necessity  of  having  different 
solutions  for  each  of  the  reducing  sugars,  and  in  case  of  mixtures  it  would  afford  a 
more  satisfactory  lyasis  for  CAlculating  proportional  aijiounts  of  the  different  sugars. 
Soxhlet's  modification  of  Fehling's  solution  is  used  for  all  the  official  methods  ex- 
cept Allihn's  metho<i  for  dextrose,  in  which  case  Allihn's  modification  of  Fehling's 
solution  is  used.  The  concentration  of  the  copper  solution  is  the  same  for  both  the 
modifications  as  for  the  original  Fehling  solution,  viz,  34.64  g^ms  of  pure  crystal- 
lized copper  sulphate  i)er  500 cc.  Fehling' s  alkaline  tartrate  was  made  by  using  55  to 
64  grams  of  sodium  hydrate  and  173  grams  of  Rochelle  salts  i>er  500  cc,  while 
Soxhlet's  modification  require.^  50  grams  of  sodium  hydrate  and  Allihn's  modifica- 
tion 125  grams  of  potassium  hydrate  jjer  500  va\  In  my  experience  Fehling's  solution 
when  made  up  with  sodium  hydrate  gives  a  more  satisfactory  precipitation  than 
when  potassium  hydrate  is  U8e<l,  and  this  alkali  is  much  more  commonly  employed 
than  potassium  hydrate.  Glendenning«  haajitudied  the  effect  of  the  two  alkalies, 
when  used  in  etiuivalent  amounts,  upon  the  quantity  of  copper  reduced,  and  he  finds 
that  both  dextrose  and  invert  sugar  give  practically  the  same  reducing  power  with 
the  two  alkalies.  Maltose,  on  tlie  other  hand,  shows  a  reducing  power  of  62  with 
soda  solution  and  65  with  i>ota«h  solution.  Kjeldahl  ^  has  studied  the  effect  of  a 
variation  of  the  strength  of  the  soda  solution  upon  the  reduction,  and  finds  that 
between  limits  of  one-half  and  double  the  normal  weight  of  soda  Kolution  the  varia- 
tion was  not  more  than  1  i)cr  cent  with  dextrose  and  reducing  sugar,  while  with 
lactose  and  maltose  there  was  a  wide  variation,  a«  the  following  table  shows: 

Table  I. — Effect  of  vartiing  mihi  Holnlionn  njton  reduction. 


Kind  and  weigrht  of  HUf^ar. 


150  mllliKrains  ]acto(«e  . 

360  milli£n^m.M  Tiia1tr>Ne . 
220  millif(ramH  doxtnjt^e 


S<xla  Holution  iimmI. 


Copper 
reduced. 


I  Mg. 

fiO  cc  Holution  containing^  130  gramn  NaOH  per  liter j  198. 4 

oO  cc  solution  containing  65  grams  NaOH  per  liter j  207. 2 

no  cc  solution  containing  32.5  gmm.s  NaOH  per  liter j  214. 7 

50  cc  solution  contiiining  50  grams  NaOH  per  liter ;  411. 7 

50  <*c  solution  containing  78  grams  NaOH  per  liter 3%.  9 

50  cc  solutitm  (containing  50  grams  NaOH  per  liter ,  412. 6 

50  cc  solution  cont^iining  7S  gmms  NaOH  iHjr  liter i  411. 0 


There  seems  to  be  no  reason  why  the  copi)er  and  alkaline  tartrate  solutions  should 
not  be  of  the  same  composition  for  the  various  sugars,  since  the  formula  must  of 
necessity  be  an  empirical  one. 

The  conditions  under  which  the  reduction  takes  place  are  of  ])articular  imjiortance, 
and  much  of  the  work  this  year  has  consisted  in  a  study  of  the.«e  conditions. 
Recently  a  numl)er  of  valuable'  papers  have  been  publisht*d  that  have  a  direct  Ijearing 
upon  this  subject,  and  resulb^  of  some  of  these  investigations  will  1k»  given  as  a  part 
of  this  report. 

«Jour.  (;hem.  Soc,  1895,  p.  999. 

^Compte-rendu  des  travaux  du  lalxinitoire  de  Carlsberg,  1S95. 
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Effect  of  Timb  and  Manner  of  Heating. 

0*8ullivan  <>  was  the  first  to  carry  on  the  reiluction  in  a  boiling-water  bath  instead 
of  heating  directly  over  a  free  flame;  and  this  method  is  now  quite  generally  used 
among  English  chemists.  Brown,  Morris,  and  Millar  ^  have  determined  the  cupric 
reducing  power  of  dextrose,  invert  sugar,  and  levuloee  by  heating  at  the  temperature 
of  boiling  water  for  twelve  minutes.  These  values  are  considerably  higher  than 
when  the  reduction  is  made  by  boiling  over  a  free  flame  for  two  minutes. 

K  jeldahl  ^  in  an  elaborate  series  of  experiments  has  determined  the  copper  reduc- 
ing power  of  dextrose,  invert  sugar,  levulose,  maltose,  lactose,  and  galactose  by 
carrying  on  the  reduction  in  an  atmosphere  of  hydrogen,  and  continuing  the  time 
of  heating  for  twenty  minutes  from  the  time  the  mixed  solutions  are  placed  in  the 
water  bath.  The  following  table  of  compiled  data  shows  the  reducing  values  for 
dextrose  and  invert  sugar  obtained  by  the  three  different  methods  of  manipulation: 


Table  II. 


-Reducing  values  for  dextrose  and  invert  sugar  obtained  by  three  different 
methods. 


Sugar. 
Mg. 

Copper  by 
boiling  2 
minutes,  a 

Dextroae. 

Invert  sugar. 

Copper  by 
heating 

in  water 
bath  12 

minutes,  h 

Copper  by 
heating 

in  water 
bath  20 

minutes,  c 

Copper  by 
boiling  2 
minutes,  d 

Copper  by 
heating 
in  water 
bath  12 

minutes,  b 

Copper  by 
heating 
in  water 
bath  20 

minutes.  <> 

Mg. 

Mg, 

Mg. 

Mg. 

Mg. 

Mg. 

50 

98.2 

103.0 

111.4 

96.0 

97.5 

105.6 

76 

147.2 

154.3 

163.2 

142.8 

146.8 

155.6 

100 

195.0 

202.7 

212.5 

188.8 

1W.1 

203.4 

125 

242.0 

249.6 

259.2 

233.2 

240.0 

249.0 

150 

-288.2 

298.4 

303.3 

276.8 

283.2 

292.3 

175 

333.4 

335.0 

•Aih.Q 

318.  S 

325.1 

:«3.7 

200 

377.5 

374.5 

384.0 

360.4 

365.0 

372.7 

«  Figures  taken  from  Allihu's  tiible  for  dextrose. 

*  Figures  taken  from  tables  by  Brown,  Morris  and  Millar. 

c  Figures  taken  from  Kjeldahl's  tables. 

<f  Figures  taken  from  MeiaBl's  table  for  invert  sugar. 

The  values  obtained  by  K jeldahl  are  much  higher  than  those  obtained  by  either 
of  the  other  methods,  owing  partially  to  the  longer  time  of  heating,  but  principally 
to  the  fact  that  the  reduction  was  made  in  an  atmosphere  of  hydrogen,  and  conse- 
quently no  oxidation  took  place  during  the  period  of  heating. 

I  have  also  conducted  a  series  of  experiments  with  dextrose  and  invert  sugar  in 
which  the  time  of  heating  in  a  water  bath  was  varied  between  five  minutes  and 
twenty  minutes.    The  following  are  the  results: 

flJour.  Chem.  Soc.  Trans.,  2:  125  (1876). 

6  Jour.  Chem.  Soc.  Trans.,  1897,  p.  275. 

<^  (Jompte-rendu  des  travaux  du  laboratoire  de  Carlsberg,  1895. 
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T.\BLK  III. — Copper  reduced  upon  heaiiiigin  boiling  nnier  bath  for  rar^-ing  period^f. 


Sugar. 

Manner  and  time  of  heating. 

Copper 
reduced. 

Increase  in 

copper  for 

5-minute 

periods. 

Dextrose  (milllfframs) . 
150.3 

Boiled  2  minutes 

MiUignims, 
286.5 
281.0 
286.5 

MiUiifraiM. 

150.3 

Heated  in  boiling  water  «  5  minuteH 

150.3 

Heated  in  boiling  water  a  lo  minutes 

5.5 

150.3 

Heated  in  boiling  water  «  15  minutes 

289.4 
292.  S 

2.9 

150.3 

Heati'd  in  boiHng  water  «  20  minuter 

3.4 

Ijivert  sugar  {miUigrarM). 
162.8 

Boiled  2  minuteH 

303.5 
298.4 
303.2 

162.8 

Heated  in  boiling  wat«ru  5  minutes 

162.8 

162.8 

162.8 

Heated  in  boiling  water  « 10  minutes 

4.8 

Heated  in  boiling  water  o  15  minutes 

307.1 
310.5 

3.9 

Heated  in  boiling  water  «  20  minutes 

3.4 

a  The  sugar  was  added  to  the  cold  Fehling  solution,  and  time  was  counted  from  the  momeirt  the 
mixture  was  placed  in  the  boiling  water  bath. 

The  above  figures  show  tliat  the  method  of  IwiHng  for  two  minutes  over  a  direct 
flame  gives  results  practically  identical  with  heating  for  ten  minutes  in  a  boiling- 
water  bath. 

One  advantage  claimed  for  the  method  of  heating  in  a  boiling- water  bath  is  that 
after  heating  for  10  to  15  minutes  the  reduction  is  practically  comi)leted,  and  upon 
further  heating  the  amount  of  reduction  that  takes  place  is  ex<*eedingly  small.  Table 
III  shows  that  this  is  not  the  case,  but  that  after  fifteen  minutes'  heating  fi\e  minutes 
additional  heating  gave  3.4  milligrams  of  cop]>er.  Kjeldahl  found  in  his  work  that 
upi^n  heating  for  twenty  minutes  there  was  a  material  spontaneous  precipitation  of 
copper,  which  greatly  augment^^d  when  the  time  of  heating  was  prolonged.  The  fol- 
lowing table  shows  results  obtained  by  myself  when  the  perio<i  of  lx)iling  over  a 
direct  flame  was  varied  l)etween  just  bringing  to  a  lH)il  and  four  minutes*  boiling: 


Tablk  l\.—Coppi 

/•  reduced  upon  bo'ding  (peer  free 
Timt  of  heating. 

flame  for  varying  periods. 

.Sugar. 

Copper 
precipl- 
tjUed. 

Milli- 
grams. 

437. 2 

Increase 
In  copper. 

Dextrose  ( milligrams ) . 
250 

Brought  to  lioi I 

MUli- 
gratiis. 

250 

Boiled  2  minutes 

Brought  to  boil 



439.5 
227. 9 
229.8 

245. 1 
346  8 

2.3 

125 

125 

Boiled  2  minutes 

1.9 

In  vt  rt  sugar  ( miUigra  ms ) . 
185  9 

Brought  to  boil 

Boiled  1  minute 



185.9                     

1.7 

185. 9 

Boiled  2  minutes 

347. 6 
a48.7 
:J50.4 

0.8 

185.9 

Boiled 3  minutes 

1.1 

185.9            .                  ... 

Boiled  4  minutes      .... 

1.7 

The  increase  in  the  amount  of  copper  reduceil  for  each  additional  minute's  l)oiling 
is  higher  somewhat  than  when  heating  in  boiling  wat^r  is  employed,  but  the  differ- 
ence is  not  sufficient  to  give  any  preference  to  either  method. 
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In  an  effort  to  verify  Rjeldahrs  statement  that  appreciable  amounts  of  copper 
are  precipitates!  upon  heating  tlie  Fehliug  dilution,  1  found  that  only  traces 
were  precipitated  when  the  solution  was  heateil  for  twenty  jninutes  in  Ixiiling  water. 
Heating  over  a  direct  flame  gsive  no  reduction  upon  two  minutes'  heating,  2  milli- 
fmms  u{K)n  four  minutes,  5.6  milligrams  u]>on  six  minutes,  and  8.5  milligrams  upon 
ei<rht  minutesi'  boiling.  However,  different  solutions  undoubteilly  vary  in  this 
respect,  depending  upon  the  length  of  time  the  alkaline  tartrate  solution  has  lxH?n 
made  up.  In  all  cases,  whatever  metho<l  is  useil,  the  amount  of  iH>pi>er  prei'ipitated 
siMjntaneously  should  be  determined  and  deiiucteii  from  the  amount  obtained  in  the 
sugar  determinations. 

Effect  of  Surface  Exi»osei)  DruiNa  RKDrcriox. 

But  few  if  any  of  the  reducing  sugar  methods  prescril)e  a  rtn^ptacle  of  definite  size 
for  the  reduction.  While  beakers  of  varying  sizes  are  generally  employe*!,  Erlen- 
meyer  flasks,  and  even  })orc.elain  dishes,  are  occasionally  uswl.  Kjeldahl  has  studied 
the  effect  ujion  the  amount  of  copi)er  re<luced  of  the  surface  of  liquid  exposed  when 
dishes  of  different  sizes  are  used  for  the  reduction,  and  he  gives  the  following  inter- 
esting results: 

Table  V. — Effect  of  amontit  of  mirface  exitoaed  to  the  air  fi/x>u  the  cop})€r  reduced. 


c„„«.        Surface  ox-   <-'oi»ikt  re- ,  j.,.^.,-,,,,,... 


MiUigrioun. 

m 

(JO 

GO 
60 
60 


N</.  cm. 

17 
21 
(>5 
18G 


MiUif/ramx.   MiUiftnimii. 


126.3 

12& 

1*23.9 

121.5 

11-1.8 

106.  G 


0.3 
2.4 
4.S 

11.5 
19.7 


•«Xuiu»;  reduction  in  hydn)Ken. 

In  all  the  experiments  of  Kjeldahl  the  time  of  heating  was  twenty  minutes.  I 
havt*  conducte<I  a  similar  series  of  experiments,  the  results  of  which  are  given  below 
in  Table  VI: 

Table  VI. — Effect  ofisarface  cxponcd  to  the  air  upon  the  cojtper  reduced  under  varijimj 
condiliou,'<  of  manijyuladon. 


Invert 
!«iii?ar. 


Mg. 

l.>0.5.. 

I.=i0.5.. 
1.VJ.5.. 


Receptacle  used. 


Erlenmeyer  . 

do 

Beaker 

Erlcnmeyer  . 


150.5... 
150.5... 
16M.5... 
16H..5... 
l*)f<.  5. . . 

im.b... 


168.5. 
ltfft.5. 


do 

Beaker 

Erlenmeyer  . . 
SimiU  beaker. 

Beaker 

Erlenmeyer  .. 


Small  beaker . 
Beaker 


Surface 


(\)ppi'r 


ex^m-d.  ]  ^I"""" '""» I""  "f  "^■»""K-j  nZlid. '  '""^•"•."•e. 


Sq.  cm. 

(«) 

('>) 

40 

(") 

CO 

40 

2C.5 
2G.  5 
40 
26. 5 

26.5 
40 


Boileii  2  minutei^ I 

....do 

do 

Heated  15  minutes  m  boll 

ing  water. 
....do 

^^ I 

Boiled  2  minutes 

do 

....do I 

Heated  15  minutes  in  lx)il-  \ 

Ing  water.  , 

f I 

do 


Mff. 


Mij. 


28-1.2  .... 
284  5  1 

281   1 

291.7  ,.... 

2yo. G  . .  . 

3.4 

2SC».  7  ' 
813.7  ' 

4.5 

;U3  y     

313. 1  1 
320   

.5 

820.1  1 

317.2  ' 

2.8 

a  None;  reduced  in  COi. 


bNone;  reduced  in  hydrogen. 
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It  i«  seen  from  Tables  V  and  VI  that  the  greater  the  surface  of  liciuid  exposed  to 
the  air  during  the  reduction  the  less  is  the  amount  of  copper  reduced.  In  other 
words,  the  oxidation  of  the  cuprous  oxid  by  exposure  to  the  air  is  very  marked.  In 
Kjeldahl's  series  of  experiments  the  amount  of  copper  varied  by  an  extreme  differ- 
ence of  19.7  mgs  with  receptacles  ranging  m  surtace  exposed  from  none  to  186  sq.  cm. 
While  it  is  hardly  probable  in  ordinary  work  that  the  reduction  would  be  made 
in  a  dish  giving  an  exposed  area  of  186  sq.  cm.,  it  is  undoubtedly  true  that  dishes 
giving  from  15  to  65  sq.  ('m  exposed  surface  are  frequently  employed.  I  have  found 
that  a  beaker  7.5  cm  in  diameter  is  of  very  convenient-size  for  making  the  reduc- 
tion, and  have  used  this  size  in  all  my  regular  work.  It  appears  from  Table  VI  that 
the  amount  of  oxidation  is  greater  when  the  reduction  is  conducted  in  a  boiling- 
water  bath,  heating  for  fifteen  minutes,  than  when  the  reduction  is  made  by  l)oiIing 
over  a  free  flame  for  two  minutes.  In  the  first  series  the  amount  of  oxidation  is 
greater  by  1.1  mg.  when  reduced  in  boiling  water  for  fifteen  minutes;  and  in  the 
second  series  the  amount  of  oxidation  is  greater  by  2.3  mg  of  copper  when  heated 
in  boiling  water  for  fifteen  minutes,  when  the  surface  exposed  is  increased  from  26.5 
to  40  sq.  cm.  The  method  employed  by  Kjeldahl  of  conducting  the  reduction  in 
an  atmosphere  of  hydrogen  undoubtedly  gives  more  nearly  the  true  reduction  than 
any  other  method  yet  employed,  but  the  inconveniences  attending  such  a  manipula- 
tion would  preclude  its  general  use. 

Dbibbmination  of  Coppek  by  Weighing  the  Cuprous  Oxid. 

The  determination  of  copper  by  direct  weighing  of  the  cuprous  oxid  was  first  sug- 
gested by  O' Sullivan  and  Stern, «  who  state  that  results  obtained  by  this  method  are 
as  accurate  as  given  by  the  methods  ordinarily  used.  In  1900  Knight  reported  to 
this  association  results  of  a  series  of  experiments  showing  tliat  this  method  of  deter- 
mining the  copper  checks  up  very  closely  with  the  electrolytic  method.  It  has  been 
our  experience  in  the  laboratory  of  the  Bureau  of  Chemistry,  where  we  have  prac- 
ticed direct  weighing  of  the  cuj)rou8  oxid  for  the  past  two  years,  that  the  method 
gives  reliable  results,  and  that  the  determination  is  much  moreeasily  made  than  by 
any  of  the  official  methods  of  this  association.  I  have  made  a  number  of  determina- 
tions checking  this  method  with  the  electrolytic  method,  results  of  which  are  given 
in  Table  VII. 

Table  VII. — ComjMrisoJi  of  the  method  of  direct  vxighing  of  cuprous  ojid  with  electro- 

Ij/fir  method. 


Weight  0 

By  weigh- 
ing rkCiisO. 

f  copper. 

By  electrol- 
ysis. 

MU. 

439.6 

Differ- 
ence in 
weight. 

Weiglit  of  copper. 

Differ- 
ence in 
weight. 

By  weigh- 
ing a-sCXioO. 

Mfj. 
319.9 

By  electrol- 
y.«i.v. 

^fg. 

320.1 

Mg. 
•140.0 

Mg. 
-  0.4 

}fg. 
^0.2 

437.2 

137.8 

+  .6 

816.7 

317.2 

+  .5 

227. 9 

229.1 

+  1.2 

317.7 

316. 5 

-1.2 

229.5 

230.9 

-hl.4 

284.9 

'2^.0 

-•9 

447.7 

448.0 

+  .3    ; 

282. 2 

281.0 

-1.2 

447.3 

447.8 

0.0 

290.0 

288.8 

-1.2 

:wo.5 

321.4 

+  .9 

286.9 

2S6.9 

0.0 

278, 4 

278.3 

-  .1 

287.8 

288. 0 

-t-  .2 

279.2 

280.6 

+  1.4    , 

303.6 

303. 9 

+  .3 

27S.0 

278.2 

+  .2 

:}03.4 

303.3 

-  .1 

233.6 

2.^').  4 

+  1.8 

289. 5 

2S9.5 

0.0 

460.4 

460.  a 

f   .1     , 

298. 3 

298  8 

♦    .'i 

4ft9.5 

4tK).3 

+  .8    ' 

303.2 

303.7 

•    .5 

316.7 
312.1 

317.2 
313.4 

+  .5 
+  1.3 

303.2 
Average . . 

302.4 

-  .8 

+  .22 

a  Jour.  CI 

lera.  Soc.  1 

^rans.,  1S96, 

p.  1691. 
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Upon  29  determinations  the  electrolytic  method  gives  resalts  averaging  0.22  mgs 
higher  than  by  weighing  as  cuprous  oxid,  and  the  differences  by  the  two  methods 
vary  between  —1.2  and  -f  1.8  mgs.  A  small  amount  of  asbestos  is  dissolved  by  the 
hot  Fehling  solution  during  filtration,  and  in  the  recorded  experiments  this  factor 
was  not  taken  into  consideration.  If  the  asbestos  is  carefully  prepared  by  first 
digesting  with  1:3  hydrochloric  acid  and  then  with  Fehling's  solution,  the  amount 
of  asbestos  dissolved  upon  filtering  the  hot  Fehling  solution  need  not  exceed  0.3  to 
U.5  mg8.  Should  this  correction  be  added  to  results  obtained  by  weighing  the 
c  iprous  oxid,  the  two  methods  would  check  very  closely.  I  have  found  it  conven- 
ient to  dissolve  off  the  cuprous  oxid  with  hot  nitric  acid  after  each  determination, 
and  in  this  way  the  same  felt  of  asbestos  may  be  used  several  times. 

The  method  of  weighing  the  cuprous  oxid  is  conducted  as  follows:  Load  a  Gooch 
crucible  with  a  film  of  asbestos  about  one-fourth  of  an  inch  thick;  wash  thoroughly 
with  water  to  remove  small  particles  of  asbestos,  then  with  about  10  cc  of  alcohol, 
and  finally  with  10  cc  of  etiier.  Dry  in  a  water  oven  at  100°  C.  for  twenty-five  to 
thirty  minutes,  and  cool  for  one-half  hour  before  weighing.  After  filtering  the 
cuprous  oxid  into  the  Gooch  and  washing  thoroughly  with  water,  the  precipitate  and 
Gooch  are  washed  with  10  cc  of  alcohol  and  then  with  10  cc  of  ether  as  in  the  prep- 
aration of  the  Gooch.  Dry  for  twenty-five  to  thirty  minutes  in  water  oven  at  100°  C. ; 
cool  for  one-half  hour  and  weigh.  The  weight  of  cuprous  oxid  multiplied  by  0.888 
gives  weight  of  metallic  copper.  It  has  been  my  experience  that  twenty-five  to 
thirty  minutes  heating  at  100°  is  sufficient  to  thoroughly  dry  the  precipitated  cuprous 
oxid  and  asbestos  without  danger  of  the  suboxid  undergoing  oxidation,  providing  the 
washing  with  alcohol  and  ether  has  been  thorough. 

Mr.  Wiley.  I  would  like  to  suggest  that  Mr.  Gudeman's  paper  on 
the  •''Determination  of  glucose,"  which  was  to  be  submitted  to  the 
association,  be  returned  to  him  for  further  elaboration,  and  that  after 
such  modification  it  be  incorporated  in  the  proceedings  of  this  meeting. 

The  President.  If  there  is  no  objection,  the  paper  will  be  returned 
to  Mr.  Gudeman  for  further  considemtion  and  then  be  included  in  the 
proceedings.     The  secretary  is  so  instructed. 

THE  DETEKMnrATIOH  OF  GLUOOSE. 
By  Edward  Gudeman,  ChicagOy  111. 

The  method  used  for  the  determination  of  commercial  glucose  is  the  one  given  in 
the  provisional  methods  of  the  Association  Official  Agncultural  Chemiste,  1901.  The 
method  consists  in  polarizing  before  and  after  inversion,  calculating  the  per  cent  of 
sugar  **S"  by  ClergeVs  formula  and  inserting  this  value  in  the  following  formula: 

P_(a-S)  100 

175 
G=Commercial  glucose. 
as=  Direct  polarization. 
175=Polarization  factor  for  commercial  glucose. 

The  use  of  this  factor  (176),  or  any  other  factor  between  80  and  198,  will  give  incor- 
rect results,  a  correct  result  being  purely  accidental.  It  is  only  in  laboratory  work 
that  one  has  the  same  substance  to  experiment  with  that  has  been  used  in  making 
up  the  mixtures  under  examination  and  on  which  a  correct  factor  for  that  special 
glucose  or  grape  sugar  can  be  determined. 

One  is  often  at  sea  as  to  what  is  meant  by  the  term  commercial  glucose.  In  England 
the  terms  glucose  and  grape  sugar  are  synonymous,  the  sirup  being  designated  as 

17261— No.  73—03 5 


Digitized  by 


Google 


66 

liquid  glucose.  In  America  the  term  glucose  refers  only  to  the  sirup,  the  solid  being 
designated  as  grape  sugar.  The  reducing  substances  of  glucose  and  grape  sugar  are 
commercially,  but  incorrectly,  known  as  "dextrose"  and  the  nonreducing  substance 
as  "dextrins."  The  composition  of  commercial  glucose  and  grape  sugar  varies 
between  wide  limits,  the  extremes  being  about  as  follows: 

Q,      ^Reducing  substance  40  to  nonreducing  substance  60;  ratio  6  : 9. 

IReducing  substance  55  to  nonreducing  substance  45;  ratio  11:9. 
C  «-/Reducing  substance  80  to  nonreducing  substance  20;  ratio  36  : 9. 

IReducing  substance  92  to  nonreducing  substance  8;  ratio  103.5 : 9. 

Glucose  is  a  thick  sirup,  41°  to  45°  Baum^,  containing  13  to  22.5  per  cent  of  water. 
Grajje  sugar  is  a  solid,  41  to  45°  Baum6,  containing  11  to  21.0  per  cent  of  water. 
The  old  standard  Baum6  scale  is  still  used  in  this  industry,  and  the  determinations 
are  made  at  140°  F.,  results  reported  at  100°  F.,  a  correction  of  1  degree  being  made 
for  every  40°  F.  The  standard  accepted  by  the  manufacturers  and  the  trade  is  sp. 
gr.  1.41152=42°  Baum6. 

The  conversion  of  starch  with  acids  gives  the  commercial  products  known  as  dex- 
trin, glucose,  grape  sugar,  and  anhydrous  grape  sugar  (dextrose).  Starch  and  its 
conversion  products  do  not  contain  over  1  per  cent  impurities,  and,  as  these  have  lit- 
tle or  no  effect  on  the  polarization  nor  on  the  copper  reduction,  they  have  not  been 
taken  into  consideration.  All  results  are  calculated  on  the  sum  of  the  reducing  and 
nonreducing  substances  being  equal  to  100.  All  results  are  figured  on  the  amount  of 
dry  substance  contained  in  the  mixtures. 

If  the  conversion  of  starch  with  acid  is  carried  to  a  point  where  a  dilute  iodin  solu- 
tion will  just  give  a  distinct  color  reaction,  we  have  glucose;  continued  to  where  95 
per  cent  alcohol  gives  a  faint  cloud,  hardly  a  precipitate,  we  have  grape  sugar  con- 
taining about  85  per  cent  reducing  substance.  For  still  higher  converted  sugars  a 
time  factor  must  be  introduced.  Carried  beyond  a  given  point  a  back  conversion 
takes  place,  with  strong  decomposition  and  loss  of  purity. 

The  ratio  of  the  reducing  substance  to  nonreducing  substance  depends  on  the  accu- 
racy in  stopping  the  conversion,  for  neutralization,  at  the  exact  point  decided  ujion. 
This  ratio  determines  whether  the  product  is  glucose  or  grape  sugar,  and  no  sharp 
dividing  line  exists.  The  rotating  powers  of  gUicose  and  grape  sugar  dei)end  abso- 
lutely on  this  ratio.  Actually  no  two  batches  of  commercial  glucose  or  gnipe  sugar 
are  identical;  for  all  practical  purposes  they  are  alike,  as  a  few  points  either  way 
from  the  standard  decided  upon  will  make  no  difference  in  the  appearance,  taste, 
or  working  (jualities  of  these  products. 

The  conversion  of  starch  does  not  take  place  in  direct  steps;  immediately  when 
the  starch  is  li(]uefied  it  passes  into  the  various  conver-sion  proilucts.  At  no  jwint  of 
the  conversion  is  a  single  product,  either  of  dextrin  or  dextrose  obtained.  The  rota- 
tion of  dextrin  and  dextrose  can  easily  be  determined  on  the  pure  i)roducts  separated 
from  the  mixture.  At  no  point  of  the  conversion  do  you  obtain  the  extreme  polari- 
zation figures,  230  for  maize  dextrin,  and  80  to  153  for  maize  dextrose.  The  accom- 
panying graphic  chart  (fig.  1)  shows  the  polarization  and  the  percentage  of  non- 
reducing  and  reducing  substances  for  the  following  commercial  products:  Glucose, 
grape  sugar,  dextrose,  and  chemically  pure  dextrose. 

The  first  commercial  product  in  the  acid  conversion  is  glucose:  Line  ab:  Reducing 
substance  40  to  nonreducing  substance  60.  Line  abc:  Reducing  substance  55  to  non- 
reducing  substance  45. 

The  second  product  is  grape  sugar:  Line  abed:  Reducing  substance  80  to  non- 
reducing  substance  20.  Line  abcde:  Reducing  substance  92  to  nonreducing  sub- 
stance 8. 

The  final  commercial  product,  anhydrous  grape  sugar  (dextrose),  passes  through 
tlie  glucose  and  grape-sugar  stages:  Line  abcdefg  to  abcdefgh.     Dextrose  is  birotary 
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Flo.  1. — Polarization  of  commercial  glucose  and  grape  sugar  and  iK-Tcciitage  of 
reducing  Bubstances  therein. 
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and  as  the  rotation  of  the  commercial  product  is  liigher  than  that  of  grape  sugar, 
there  is  no  doubt  that  it  must  have  passed  through  the  lowest  point  for  dextrose 
l)efore  going  up  again.  The  high  point  is  only  obtained  on  specially  prepared 
chemically  pure  dextrose.  The  rotation  of  dextrose  is  birotary,  the  low  i)oint  being 
reache<l  after  a  comimratively  long  time  in  cold  solution,  but  more  rapidly  on  heat- 
ing to  boiling.  Under  these  conditions  it  is  not  possible  to  have  a  high  rotating 
dextrose  in  the  starch  conversion  liquor,  as  the  same  has  been  exposed  to  high  tem- 
perature, being  converted  under  steam  pressure. 

The  provisional  methods  state  that  commercial  glucose  used  for  mixing  with  jams 
and  jellies  polarizes  at  150,  that  used  for  chewing  gums  at  185,  and  that  used  with 
honeys,  sirups,  and  molasses  at  175,  and  it  is  suggested  to  use  these  values  when 
examining  such  products.  I  have  never  known  the  manufacturers  of  glucose  to 
make  special  grades  for  these  purposes,  except  for  the  confe<:tioner,  and  this  grade 
differs  only  from  the  regular  glucose  by  the  larger  amount  of  acid  salt  it  contains 
(bisulphite  of  soda).  The  use  therefore  of  different  factors  of  rotation,  subject  to 
the  samples  under  examination,  will  lead  to  greater  errors  than  the  use  of  a  con- 
fcjtant  (175),  even  if  the  same  is  not  correct.  Depending  on  what  factor  is  used,  a 
mixture  containing  20  per  cent  commercial  glucose  can  show  from  14.4  to  27.7  i)er 
cent,  a  possible  error  of  35  per  cent.  Commercial  grape  sugar  rotating  85  to  190  will 
show  from  43.5  to  225  per  cent,  depending  on  the  factor  used,  a  possible  error  of  125 
per  cent.  The  addition  of  cane  sugar  or  invert  sugar  to  such  mixtures  can  CAUse  the 
IKjIarization  figures  to  become  so  abnormal,  as  to  be  hardly  a  qualitative  indication 
of  the  presence  of  glucose  or  grape  sugar. 

On  mixtures  of  which  the  percentage  comix)sition  was  known,  as  also  the  correct 
rotating  poM'er  of  the  component  parts,  the  following  results  were  obtained,  apply- 
ing the  formula  given  in  the  provisional  methods,  1901 : 

I.  With  a  mixture  containing  grape  sugar  10  per  cent,  invert  sugar  25  i)er  cent, 
and  cane  sugar  65  jHjr  cent,  o=65  and  6=— 22.  Applying  the  formula,  we  find  that 
the  grape  8Ugar=0  per  cent,  an  error  of  100  i>er  cent. 

II.  With  a  mixture  containing  grape  sugar  28.5,  invert  sugar  (3.5,  and  cane  sugar 
05  ix?r  cent,  «=87  and  6=0.  By  the  formula  graiKJ  8Ugar=25.8  per  cent,  an  error  of 
9.()  per  cent. 

III.  With  a  mixture  containing  grajHi  sugar  15,  invert  sugar  20,  and  cane  sugar  (>5 
percent,  a =71  and  6  =  —  16.  Applying  the  formula,  grape  sugar=7.1  per  cent,  an 
error  of  52.7  per  cent. 

IV.  With  a  mixture  of  40  j>er  cent  grape  sugar  and  60  j^r  cent  invert  sugar, 
«-— 13.6,  and  6=13.6.  Applying  the  formula,  grape  8Ugar=17  i)er  cent,  an  error  of 
57.5  per  cent. 

Similar  results  were  obtained  with  glucose  and  mixtures  of  glucose  and  grape 
sugars.  These  errors  were  found  when  using  the  correct  factor  for  the  rotating 
I)ower  of  the  commercial  grape  sugar.  When  the  correct  j>o]arization  factor  is  not 
known,  the  errors  are  increasetl  or  decreased,  and  in  some  cases  may  exactly  balance 
each  other,  when  accidentally  the  application  of  the  formula  will  give  the  correi't 
result.  This  is  not  a  theoretical  consideration,  as  it  has  a  direct  bearing  on  the 
analyses  of  sirups,  honeys,  preserves,  jams,  candies,  molasses,  wines,  maple  sugars, 
and  similar  saccharine  food  products. 

Plus  polarization  before  and  minus  after  inversion  is  generally  considered  as  indi- 
cating the  absence  of  commercial  glucose  or  grape  sugar.  This  is  not  necessarily  the 
ciise,  Mixtures  I  and  III  showing  plus  65  and  71  before  inversion,  and  minus  22  and 
16  after  inversion,  with  10  to  15  per  cent  grape  sugar  present.  Mixtures  of  com- 
mercial glucose  or  grape  sugar  with  invert  sugar  can  show  a  direct  minus  reading, 
increased  stronsrly  after  inversion  if  cane  sugar  is  also  present. 

The  quantitative  determination  of  commercial  glucose  or  grape  sugar  can  easily 
and  quickly  be  made  without  use  of  the  polariscope  and  variable  factor.     If  invert 


Digitized  by 


Google 


69 

Biigar  is  present,  the  same  must  be  determined  by  double  polarization.     All  results 
are  calculated  on  the  basis  of  the  dry  substance  found  in  the  mixture. 
In  mixtures  free  from  invert  sugar: 

I.  Determine  total  directly  reducing  sugar8=a  (from  glucose  or  grape  sugar). 

II.  Determine  cane  sugar  by  reduction  after  inversion  at  67°  C.=b  (or  Clerget's 
method  calculating  reducing  power=b). 

III.  Invert  with  malt  and  determine  total  re<hicing  Hngar8=c  (as  in  determina- 
tion of  starch). 

c      (a-l-b)  X  0.932=d. 

<i=nonreducing  sulistance  from  glucose  or  grape  sugar. 

a  f  d=glucose  or  grape  sugar,  depending  on  ratio  of  a:d. 

If  invert  sugar  is  present,  it  must  be  determine<l  by  double  polariiaition  at  20°  and 
87°C.=i. 

a— i=A,  reducing  substance  from  glucose  or  grape  sugar. 

c-(a+bfi)  X  0.932=d. 

A  I  d=glucose  or  grape  sugar,  depending  on  ratio  of  A:d. 

The  error  due  to  use  of  factor  0.932  is  very  small—not  over  1  per  cent — on  a  pure 
low  wmverted  glucose  containing  60  per  cent  nonreducing  substance.  If  the  mix- 
tures contain  starch,  same  must  be  separated  by  cold  filtration.  Starch  in  solution 
will  be  determined  and  reporteil  as  part  of  the  nonreducing  substance.  The  iodin 
test  will  show  the  presence  of  starch. 

Results  by  this  method  are  generally  low,  due,  no  doubt,  to  the  decomposition  of 
cane  or  invert  sugars  present.  The  larger  the  j^ercentage  of  glucose  or  grape  sugar 
in  the  mixtures  the  more  accurate  the  results.  The  error  is  never  over  3  per  cent  of 
the  amount  of  glucose  or  grape  t-ugar  present,  averaging  alx)ut  1  per  cent.  Dupli- 
cates will  agree  to  within  0.2  per  cent. 

If  the  mixtures  contain  no  cane  nor  invert  sugars,  the  malt  treatment  can  be 
replaced  by  a  direct  acid  conversion  at  high  temperature.  This  is  not  advisable,  as 
other  substances  (fiber,  gums,  etc. )  will  Ire  partly  converted  into  reducing  Ful)stances. 
Mixtures  of  glucose  with  grape  sugar  will  be  indicated  by  the  abnormal  ratio  of  a  or 
A:d  being  between  11  and  36:9,  but  for  all  practical  purposes  such  mixtures  can  be 
considered  as  high  converte<i  glucose  or  low  converted  grape  sugar. 

OLEEGETS  METHOD  AND  MODIHOATIOHS. 
By  L.  M.  ToLMAN. 

At  the  twelfth  annual  meeting  of  this  association,  Mr.  Ewell,  then  reporter  on 
sugar,  recc*mmende<l  that  the  Clerget  and  Lindet  methods  for  determination  of  su- 
crose be  dropped  as  official  methods,  and  that  the  German  official  method,  at  that 
time  one  of  the  official  methods,  be  made  the  official  method  of  this  association.  For 
some  reason  not  given  in  the  proceedings  this  was  not  done,  but  the  German  method 
and  the  Lindet  methods  were  dropped  as  official  methods  and  the  Clerget  retained. 
The  reporter  on  sugar  at  the  seventeenth  annual  meeting  recommended  that  a  study 
be  made  of  the  Clerget  and  German  methods.  That  has,  therefore,  been  the  line  of 
work  attempted  by  the  associate  referee  this  year. 

The  Clerget  method,  as  now  used  by  this  association,  is  a  modification  of  the 
original  method  proposed  by  Clerget,  in  that  26.048  grams  of  sucrose  dissolved  in  100 
cc  polarize  100  degrees  on  the  sugar  scale,  while  Clerget- used  the  French  normal 
weight,  then  16.471  grams  per  100  cc.  In  every  other  particular  the  original  method 
19  followed,  and  the  factor  determined  by  Clerget  is  used. 

When  Clerget's  method  is  exactly  followed  and  16.471  grams  of  sugar  are  used,  his 
results  are  correct,  and  his  factor  144  should  be  used;  but  when  26.048  grams  of  sugar 
are  used  this  factor  is  too  low,  owing  to  the  increased  concentration.  Ross  reported 
at  the  ninth  annual  meeting  of  this  association  as  high  a  factor  as  145.2,  using  26.048 
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grama  of  sugar,  but  inverting  in  a  slightly  different  manner  from  that  prescribed  by 
Clerget.  Borntrager«  obtained  as  high  a  factor  as  134.98  at  20®  C,  using  26.048 
grams,  and,  following  Clerget's  method  exactly  with  this  exception,  he  obtained  the 
factor  144.65,  showing  that  the  factor  of  Clerget  is  too  low  for  the  official  method. 

Of  late  years  very  little  has  been  done  to  determine  exactly  the  proper  factor,  all 
of  the  investigations  having  been  conducted  along  the  lines  of  the  German  method. 
Herzfeld^  found  that  the  factor  regularly  increased  in  ratio  wuth  the  increased 
concentration.  The  factor  determine<l  for  1  gram  sugar  in  100  cc  was  141.85,  if 
the  German  official  metluKl  was  used  in  inversion,  and  it  increased  to  142.66  for 
13  grams  of  sugar,  143.13  for  20  grams,  and  to  143.94  for  26  grams.  From  this 
investigation  Herzfeld  derived  the  following  formula  for  determining  the  factor  for 
any  concentration: 

(A— B)  100         

"~  141.  85  -h  0. 05  B-j 
S  =sucrose 

A=direct  polarization 
B=invert  ])olarization 
T= temperature. 

To  141.85,  which  is  the  factor  for  1  ^ram  of  sugar  in  100  cc,  there  is  added  0.05  of 
the  invert  reading.  This  formula  applies  only  when  the  Herzfeld  method  of 
inversion  is  followed.  When  the  official  method  of  this  association  is  followed  with 
the  increased  amount  of  acid  (10  cc  to  110  cc),  the  increase  in  the  factor  due  to  con- 
centration is  larger. 

In  a  paper  published  in  the  Journal  of  the  American  Chemical  Society  for  June, 
1902,  I  showed  that  the  increment  of  the  factor  was  0.062  of  B,  or  the  invert  read- 
ing. This  would  make  the  factor  144.44  for  26.048  grams,  giving  a  variation  of  from 
141.85  to  144.44  for  different  weights  of  sugar  from  1  gram  to  26  grams,  while  with 
the  (ierman  method  there  is  a  variation  of  from  141 .85  to  142.66.  The  latter  metho<l, 
therefore,  is  more  actnirate,  unless  the  factor  is  calculated  for  each  concentration,  as 
pro])OHed  by  Herzfeld,  substituting,  however,  in  his  formula  0.062  for  0.05  for  the  incre- 
ment of  the  factor.  The  reason  for  this  difference  in  the  factor  of  the  two  methods 
is  due  entirely  to  the  amount  of  acid  used  in  inversion. 

It  has  been  shown  by  a  numl>er  of  chemists  that  hydrochloric  acid  increases  the  spKi- 
cific  rotatory  power  of  levulose.  Wel)er,  at  the  ninth  annual  meetingof  this  association, 
report^Ml  that  hydrochloric  a<!id  increased  the  reeling  of  a  sohition  of  invert  sugar, 
and  that  this  increase  varie<l  with  the  amount  of  acid.  Lippmann  <^  gives  the  follow- 
ing table,  showing  the  effetrt  of  different  amounts  of  acid: 

Table  I. — Ejfect  of  different  amonuU  of  hifdrochUyric  mrid  on  polarization  of  invert  sugars. 


Weight  ()f 
Hugfir. 

Polarization,  °Ventzke. 

Gramx. 

5  cc  JICl. 

'  10  cc  nri. 

i/5  cc  IICl. 

20  cc  HCl. 

•26.  OW 

-34.00 

1       -36.04 

-35.95 

-36.80 

13.024 

-33.00 

-34. 12 

-35. 15 

-36.03 

Lippmann's  polarizations  were  all  made  at  20°  C,  and  in  the  case  of  the  half- 
normal  weight  the  reading  was  multiplied  l)y  2  for  comparison.  This  table  shows 
that  hydrochloric  acid,  by  its  simple  presence,  affects  the  polarization. 


«Ztsch.  Rub.  Zuck.  Ind.,  40:  898  (1890). 
fcZtch.  Rub.  Zuck.  Ind.,  40:  194  (1890). 
c  Chemie  die  Zucherartin,  p.  800. 
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In  Table  II  are  some  results  of  my  own,  showing  that  the  addition  of  acid  in  the 
cold  had  the  same  effect  as  when  it  was  used  in  the  process  of  inversion: 

Table  II. — Effect  of  different  amounts  of  hydrochloric  a/nd  on  polarization  of  invert  »ugars 

when  added  in  the  cold. 


Dcflcriplion  of  sample. 


No,  1,  contiiiiiing  no  IICl 

No. 2.  wntaiiiin^  5  or  HCl,  07°  C 

No.  3,  containing  10  oo  HC\,  67°  C 

No.  4,  containing  5  cc  IICl  (cold ) 

No.  \  containing  10  cc  HCl  (cold) 

No.  6,  containing  10  cc  nci  (N/4)  (cold) 


Polariza- 
tion. 

°  Vmtzke. 
-23.0 
-24.2 
-25.0 
-24.2 
—25.0 
-23.4 


Tempera- 
ture. 

Change  in 
rf>tati(m. 

°(\ 

l.H.  0 

1H.4 

1.2 

17.8 

2.0 

18.4 

1.2 

IH.O 

2.0 

1«.0 

0.4 

Table  I  also  shows  the  different  effects  of  equal  amounts  of  acid  on  different  weights 
of  sugar.  This  is  further  shown  in  iig.  2,  which  illustrates  the  action  of  10  c(^  of  acid 
in  110  cc  of  sugar  solutions  of  varying  degrees  of  concentration. 
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READING  ON  5U6AR  SCALE  OF  SCHMIDT  AND  HAENSCH  POLARISCOPE/VENTZKE. 

Fig.  2.— Effect  of  10  cc  of  hydrochloric  acid  on  110  cc  of  sugar  solutions  of  varying  concentration. 

To  obtain  this  diagram  (ftg.  2)  solutions  of  invert  sugar  of  varying  strengths  were 
prepared  and  10  cc  of  acid  were  added  to  110  cc  of  the  solution.  The  difference 
between  the  reading  of  the  solution  before  and  after  the  addition  of  the  10  cc  of  acid 
would  give  a  jwint  on  the  line  a-b.  The  diagram  also  shows  the  effect  due  to  con- 
centration of  the  solution  plus  the  effect  due  to  the  acid. 

This  work  demonstrates  that  the  factor  for  the  Clerget  or  any  other  formula  is  a 
variable  and  that  the  amount  of  the  variation  depends  on  lx)th  the  amount  of  acid 
and  the  amount  of  sugar  used.  The  smaller  the  amount  of  acid,  the  more  nearly 
the  factor  approaches  a  constant.  These  two  facts,  combined  with  the  consideration 
that  the  factor  for  the  German  method  has  been  carefully  determined  and  that  all  tUe 
investigations  of  late  years  have  been  conducted  according  to  this  method,  empHaaize 
the  wisdom  of  its  adoption  as  the  mos^  accurate  method  now  available. 
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At  the  BUggestion  of  Dr.  Spencer,  the  associate  referee  made  some  inveetigations 
as  to  the  inversion  of  sugars  at  ordinary  temperatures.  This  woutd  have  several 
advantages  over  the  methods  now  employed.  First,  there  would  be  no  danger  of 
the  destruction  of  levulose  as  occurs  from  overheating.  Further,  when  a  large 
volume  of  work  is  being  carried  on  it  would  be  convenient  to  set  the  solutions  aside 
and  allow  them  to  invert  while  other  work  is  being  done. 

Hammerschmidt «  worked  out  the  time  necessary  for  the  complete  inversion  of 
13.024  grams  of  sugar  at  different  temperatures  and  with  varying  amounts  of  hydro- 
chloric acid.  The  following  table  shows  his  results  for  temperatures  ordinarily 
prevailing  in  the  laboratory: 

Table  III. — Time  necesmry  to  invert  13,028  grams  Riuroite  diamhed  in  100  cc  {Hammer- 
schmidt). 


Te'"'>era- 
ture. 

6eo  HC.a 

lOccnC.a 

10 
15 
20 
25 
SO 

Hours, 

225.0 

101.0 

.     47.0 

23.0 

11.6 

Hours. 
94.0 
44.0 
20.0 
10.0 
5.0 

a  Specific  gravity,  1.18. 

From  these  figures  it  will  be  seen  that  with  a  temperature  of  25°  C.  and  10  cc  of 
hydrochloric  acid  to  100  cc,  complete  inversion  takes  place  in  10  hours.  Bomtrager  * 
showed  that  complete  inversion  could  be  brought  about  at  from  20°  to  23°  C.  by 
standing  from  eighteen  to  twenty  hours. 

The  associate  referee  has  made  a  numl)er  of  tests  of  this  method,  conducting  the 
work  along  the  lines  of  the  German  ofTirial  method.  To  a  solution  of  13.024  grams 
sucrose,  50  cc  water  and  5  cc  hydrochloric  acid  (sp.  gr.  1.18)  were  added.  The 
solution  was  made  up  to  100  cCy  placed  in  a  200-mm  tube  and  the  reading  made. 
The  results  were  as  follows: 

Table  IV. — Prooetw  of  inrermm  during  twentij-fonr  hours  {f Herman  official  method). 
Time.  '".Vrr-""      '^"ar"';  Time. 


11  a.  m 

12.40  p.m. 
12.44  p.m. 
12.55  p.m. 
1.15  p.m.. 
1.34  p.m.. 
1.48  p.m.. 

2p.m 

2.32  p.m.. 


Polariza- 
tion. 

Tempera-  1 
tiire.       1 

"Venlzke. 

«r. 

+50.0 

25.8 

+10.0 

25.8 

+  9.50 

25.8 

+  7.60 

25.8 

+  4.60 

25.8 

+  2.00 

25.8 

.30 

25. 8 

-  1.50 

25.8 

-  4.30 

25.8 

3,10  p.  m  . 
3.30  p.  m  . 
3.57  p.  m  . 
4.24  p.  m  . 

5p.  m 

8  p.  m 

11.45  p.  m 
9.05  a.  m. 


Polariza-     Tempera- 
tion.  lure. 


°  Vcnizke. 

-  7.20 

-  8.20 

-  9.50 
-10.60 
-11.05 
-14.30 
-14.85 
-15.30 


°C. 


)».8 
26.0 
26.0 
26.5 
27.3 
27.0 
26.4 
25.0 


Ztoch.  Rub.  Zuck.  Ind.  40:  AGTy  (1890). 
bZtachr.  Rub.  Zuck.  Ind.  40:  881  (1890). 
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Bomtrager«  obtained  very  similar  results  at  a  temperature  from  20  to  22°  C.  In 
order  to  determine  whether  the  factor  used  in  the  German  official  method  would  be 
correct  for  this  method  of  inversion,  a  number  of  comparative  determinations  wera 
made  on  the  same  sugar,  using  both  methods.  The  results  are  shown  in  the  follow- 
ing table: 

Table  V. — Comparison  of  inversion  in  the  cold  and  by  the  German  official  method  {ludf 

normal  veighi). « 

INVERSION  IN  THE  COLD. 


Polariaa- 
tion. 

Temper- 
ature. 

Cor.  to  20° 

C.(x2). 

°Veni2ke. 

oc. 

"^Ventske. 

-15.28 

24.5 

-32.81 

-15.32 

24.6 

-32.94 

-15.27 

24.7 

-32.89 

-14.65 

27.1 

-32.85 

-14.60 

27.1 

-32.75 

-14.56 

27.2 

-32.75 

-14.68 

26.8 

-32.76 

-16.50 

23.6 

-32.80 

-15.38 

23.6 

-32.66 

Sodium 
acetate 
added. 


Gram*. 


GERMAN  OFFICIAL  METHOD. 


I 


-15.90 
-16.78 
-15.70 


22.06 
22.65 
22.95 


b-32.83 
6-32.89 
b-32.88 


a  Fire  cc  hydrochloric  acid  (sp.  gr.  1.18)  were  added  to  each  nohition  which  stoo<l  twenty  hours  at 
a  temperature  of  20°  C. 
*  Average,  -  32.86  =  142.86  factor. 

These  solutions  were  polarized  in  a  400-mm  tube  to  decrea.se  the  error  of  reading, 
and  at  exactly  the  same  temperature  the  average  of  the  factors  calculated  from  inver- 
sion in  the  cold  was  142.88,  and  by  inversion  by  the  German  otticial  method,  142.86, 
which  shows  a  very  satisfactory  agreement  between  the  two  metho<l8. 

From  the  table  it  will  also  be  seen  that  the  presence  of  considerable  amounts  of 
sodium  acetate  does  not  interfere  with  the  inversion,  although  it  j)r()bably  reduces 
the  invert  polarization,  as  is  shown  from  the  factor  142.85  when  1  gram  of  sodium 
acetate  is  present  and  142.56  when  4  grams  are  present.  Ilerles  *>  Hhowe<l  that- an 
addition  of  3.4  grams  sodium  acetate  reduced  the  reading  of  an  invert  sugar  solution, 
inverted  with  hydrochloric  acid,  from  —33.02°  to  —32.86.° 


«Ztschr.  Rub.  Zuck.  Ind.  40:  881  (1890). 
ftZtschr.  Rub.  Zuck.  Ind.  40:  220  (1890). 
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When  the  normal  weight  of  sugar  (26.048  grama)  was  used,  the  comparative  inver- 
sions Rhowed  practically  the  same  agreement,  as  can  be  seen  from  the  following  table: 

Table  VI. — Comparative  inversions  made  in  the  cold  and  by  the  German  official  m,et}iod 

( normal  weigJit ) . « 


INVERSION  IN  THE  COLD. 


tion. 

Tempera- 
ture. 

"^VailzLr. 

—30.73 

2().  2 

—30.78 

26. 2 

— 30.S:? 

26.1 

-TO.  78 

26.1 

—30.78 

25.9 

—30.75 

25.9 

-32.30 

23.0 

""Vailzkr. 
—33.83 
-33.88 
—33.96 
-33.83 
—33.63 
—33.60 
-•a3.80 


(■itric  acid 
added. 


I     OraniH. 


GERMAN  OFFICIAL  METHOD. 


—32.85 

22.4    !       ^34.00 

—32.32 
—32.27 

23.2           b33.92 
23.4            ^33.97 

a  Five  cc  hydrochloric  acid  (sp.gr.  1.18)  were  added  to  each  8olutioii  which  sUxkI  from  twenty  to 
wenty-four  hours  at  a  temperature  of  26°  C. 
fe  Average,  —33.96. 

The  factor  as  calculated  from  inversion  in  the  cold  is  143.86  and  from  inversion  l)y 
heating  143.96.  The  method  employed  was  to  dissolve  13.024  or  26.048  gt^ms  in  a 
50-cc  solution,  add  5  cc  hydrochloric  acid,  allow  to  stand  at  room  temperature  from 
twenty  to  twenty-three  hours,  make  up  to  100  cc,  and  iM)larize.  This  method 
requires  that  the  temj)erature  shall  be  a!K)ve  20°  C,  as  can  be  seen  from  Table  III 
(Hammerschmidt).  At  lower  temperatures  the  time  of  inversion  is  too  long.  At  a 
temperature  of  20°  to  24°  C,  following  the  method  as  given  above,  the  complete 
inversion  of  13.024  grams  of  sugar  will  take  place  in  from  ten  to  twenty  hours;  at 
25°  it  only  takes  ten  hours.  In  many  localities  this  is  the  temperature  of  the  lab- 
oratory for  mo^st  of  the  year,  and  it  can  l)e  easily  obtained  in  any  laboratory. 

Following  Clerget*8  method  as  to  the  amount  of  acid  and  inverting  in  the  cold 
with  the  normal  weight  of  sugar  (26.000  grams  to  100  true  cc)  a  polarization  of 
—33.99°  at  20°  C.  was  obtained.  AVhen  10  cc  of  hydrochloric  acid  were  added  to 
100  cc  with  the  normal  weight  of  sugar,  and  inversion  was  effected  by  standing 
twenty  to  twenty-four  hours  at  26°  C,  the  polarization  was  —34.23°  at  20°  C.  The 
addition  of  2  grams  of  citric  acid  did  not  affect  the  reading. 

In  many  kinds  of  work  it  would  be  a  decided  advantage  to  have  an  inverting  agent 
which  did  not  affect  the  specific  rotatory  power  of  the  levulose.  This  is  seen  in  the 
polarization  of  honey  and  the  estimation  of  sucrose  by  inversion  as  set  forth  in  the 
following  table  on  the  polarization  of  honeys:« 


«U.  S.  Dept.  of  Agr.,  Division  of  Chemistry  Bui.  13,  Pt.  6. 
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Table 

WU.—Pohrization  oj 

f  honeys. 
itzko. 

Direct. 

Invert. 
-20.90 

o  Vci 

Cane      I^SvLrt^ 
0.72           -21.25 

-2D.  00 

-17.60 

-18.32 

.98    '       -18.59 

-16.8 

-18.40 

1.28 

-18.20 

-15.8 

-17.6 

1.31 

-16.78 

-11.0 

-12.0 

-11.68 

-13.2 
-16.50 
-14.80 
-  9.40 

-15.6 
-18.00 
-15.60 
-10.67 

-14.00 
-17.52 
- 15. 70 
-  9.98 



.96 

-12.90 

-18.86 

.73 

-13.70 

-14.40 

-  15.40 

.76 

-15.89 

-11.30 

-12.65 

.99 

-12.00 

-11.50 

-12.65 

.85 

12.21 

-13.50 

-14.00 

.30 

-14.33 

-  9.5 

-10.00 

.80 

-10.06 

-11.0 

-12.00 

.70 

-11.68 

-10.0 

-11.00 

.70 

-10.62 

-11.0 

-12.00 

.70 

-11.68 

By  the  ordinary  method  of  inversion  all  of  the  samples  appeare<l  to  contain  c&ne 
sugar;  but  when  the  change  in  polarization,  due  to  the  addition  of  the  acid,  is  cal- 
culated, as  is  shown  in  the  fourth  column,  it  can  be  seen  that  a  considerable  number 
contained  no  cane  sugar  whatever. 

If  an  inverting  agent  could  have  been  used  which  did  not  increase  the  si)ecific 
rotatory  power  of  levulose  there  would  have  been  no  change  in  polarization  after 
inversion.     Of  course  this  difference  can  be  calculated  bv  the  formula 


S= 


(A-(B-.062B)) 


141.85  ;     ■ 

If  A  equals  (B— .062B),  then  the  change  in  ]>olarization  is  due  to  the  acid  added 
in  inverting;  but  this  formula  only  holds  goo<l  for  invert  sugar.  The  presence  of 
glucfjt^  renders  such  a  calculation  impossible,  but  it  does  not  prevent  a  change  in 
polarization,  as  is  shown  by  the  following  data: 

Table  VIII. — Effect  of  acid  on  invert  sugar  in  the  presence  of  glucose. 


Solution. 


13.028  i;mm8  invert  sugar  +  25  cc  glucoae  solution 

The  fiame  +  10  cc  hydrochloric  acid 

The  same  +  5  cc  hydrochloric  acid 


Polarized. 

°Vmt2ke. 

+9.8 
-1-8.9 
+9.4 


Tompera- 
turt*. 


°r. 


21.0 
21.0 
21.0 


Thus  it  is  seen  that  when  glucose  which  contains  invert  sugar  is  polarized  before 
and  after  inversion,  there  will  be  a  change  of  polarization  even  if  tbere  is  no  sucrose 
present.  This  condition  would  be  almost  always  found  in  honey  adulterated  with 
glucose.  This  error  could  be  prevente<l  by  the  use  of  an  inverting  agent  which  did 
not  affect  the  rotatory  power  of  the  levulose. 

Weber «  showed  that  in  invert  sugar  prepared  by  inversion  with  acetic  acid,  the 
specific  rotatory  power  of  the  levulose  was  the  same  as  that  of  pure  levulose,  demon- 
strating that  it  had  no  effect  on  the  specific  rotatory  pftwer;  but  as  acetic  acid  is  a 
very  weak  inverting  agent,  citric  acid  being  about  throe  times  as  strong,  the  latter 
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waa  tried.  The  strength  used  in  all  cases  was  2  grams  to  100  cc,  and  the  time  of  heat- 
ing thirty  minutes  at  the  temj)erature  of  l)oiling  water.  No  destruction  of  invert  sugar 
takes  place  under  these  conditions.  The  following  table  shows  the  results  obtained 
by  this  method : 

Table  IX. — Inrersion  by  citric  acid. 


Weight  of  sugar. 

Polariza- 
tion. 

or^ifcAr. 

Normal 

-28.96 

Do 

-28.89 

Do 

-28.97 

Do 

-29.00 

One-half  normal  .. 

-28.25 

Do 

-28.27 

Do 

-28.27 

Do 

-28.17 

Do 

-29.40 

Do 

-29.29 

Do 

-29.35 

Do 

-29.35 

Tempera- 


Do. 


-h40.80 


26.1 
26.0 
26.0 
26.0 
26.3 
26.4 
26.5 
26.6 
26.7 
26.9 
26.9 
26.8 


Polariza- 
tion (Cor. 
to0°C.). 

Tnttzke. 
^42.00 
-41.89 
-41.97 
--42.0) 
-41.39 
-41.47 
-41.53 
-41.47 
-42.75 
-42.76 
-42.80 
-42. 75 


I 


KemarJ». 


AvoraKC  — 41.95. 


Polarized  in  400  mm  IuIkj  —  41.49  average. 


5  PC  of  hydrochloric  acid  (sp.  gr.  1.1S6)  were 
added  before  these  were  made  up  to  vol- 
ume; average  —  42.78. 

2  grams  of  sodium  acetate  were  added  with 
the  citric  acid,  and  practically  prevented 
inversion. 


From  these  results  it  can  be  seen  that  there  is  a  small  difference  In^tween  the  factor 
for  normal  weight  and  one-half  normal  weight,  i.  e.,  141.95  and  141.49.  This  change 
in  factor  can  l)e  corrected  by  adding  5  cc  hydrochloric  acid  before  ]>olarization,  and 
the  factor  for  the  German  method,  142.66,  can  be  used,  as  will  \ye  seen  from  the 
results  obtained  when  this  method  was  followed.  It  will  \ye  uoUhI,  however,  that 
sodium  acetate  greatly  interferes  with  the  hydrolysis  and  in  fact  almost  stojjs  it. 
This  makes  the  use  of  citric  acid  practically  of  no  value  in  solutions  that  have  to  l>e 
cl€*ared  with  lead  acetate,  which  of  course  greatly  limits  the  value  of  the  method, 
but  in  such  sul>stance8  as  contain  large  amountw  of  invert  sugar  and  small  amounts 
of  cane  and  do  not  have  to  be  cleared  with  lead  acetate  this  methfHl  will  give  very 
accurate  rt»sults. 

In  a  great  many  crises  it  is  net^essary  to  estimate  cane  sugar  in  the  presence  of 
maltose  and  dextrin.  The  following  ta))le  shows  the  effect  of  the  different  methcnls 
of  inversion  on  a  glucose  sirup  containing  a  very  high  per  cent  of  maltose  and  dextrin. 
In  all  castas  the  inversion  by  standing  over  night,  twenty  hours,  shows  less  effect 
than  the  (Jerman  official  methcHl,  or  the  inversion  with  citri(' acid,  boiling  half  an 
hour. 

Table  X. — Effect  of  inversion  on  glucoses  rich  in  maUose  and  dextrin. 

POLARIZATION  OF  SOLUTION  MODIFIED  AS  INDK^VTED. 


Description  of 
sample. 


Original         j.  ^}}ac\ 
solution.      ';^,\^o^^} 


XXX.. 
XX.... 

xxxx 


°\\ntzkf.       ^Vi-ntzkc. 


+56. 20 
+36.6(i 
+36.69  I 
+47. 15 
}  42. 12  ' 


+55. 87 


+36.40 


(2) 

4  5  cc  HCl 

20  hours 

in  cold. 


""Wntzkc. 
+5r>.95 


+36.61 
+  46.95 
+  41.  S2 
f45.75 


I 


(3) 

-s-2  grams 

citric  acid; 

one-half 

hour. 

100°  C. 


°Vcnizke. 


Decrease  in  i>oIarization. 


(1) 


(2j 


(3) 


4  M.  12 
+  36. 2S 
+46. 78 
+41.74 
4  45.  rt) 


^Ventzh. 
-0.33 

-0.25 

"VeyUzkc. 

—0. 54 

.29 

-  .05 

-  .20 

-  .:» 

-  .37 

-  .41 

-  .37 

—  .38 

-  .62 
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The  President.  If  there  are  no  other  papers  on  sugar,  I  will  call 
for  the  report  of  the  referee  on  tannin. 

SEPOBT  ON  TANNDT. 
By  AVm.  IL  Teas,  Referee. 

For  this  year's  experimental  work  the  following  samples  were  sent  to  18  chemists: 
Chestnut  extract,  quebracho  extract,  and.a  union  liquor. 

The  work  on  the  extracts  consisted  in  a  comparison  of  results  on  soluble  solids 
obtained  by  the  use  of  single  and  double  filter  paper  (8  and  S  590).  Analyses  were 
made  according  to  the  oflBcial  method,  the  optional  use  of  any  good  grade  of  filter 
paper  for  nontannin  filtration  being  the  only  change. 

Double  and  Single  Filters. 

The  question  of  the  comparative  influence  of  different  amounts  of  filter  paper  in 
contact  with  tannin  solutions  upon  the  results  on  soluble  solids  led  to  these  experi- 
ments. It  is  understood  that  the  filter  paper  does  al>sorb  tanning  matter,  and  this 
being  the  case,  it  is  argued  that  the  least  amount  of  paper  essential  to  a  clear  filtrate 
should  come  in  contact  with  the  solution.  Mr.  H.  C.  Reed  undertook  some  experi- 
ments along  these  lines  which  are  more  complete  than  circumstances  will  permit 
reporting  in  detail.  Ilis  results  as  regartls  filter  paper  known  as  590  S  and  S  were 
as  follows: 

Results  on  soluble  solids  with  single  filter  for  fourteen  tanning  solutions,  ranging 
from  a  clear  solution  of  a  tanning  extract  to  quebracho  solutions,  showed  an  average 
increase  of  0.47  per  cent  over  the  results  secured  on  the  same  solutions  by  the  use  of 
double  filters;  the  official  method  was  used  in  all  causes. 

The  results  of  the  work  on  this  year*  s  samples  show  an  increase  in  soluble  solids  w  here 
the  single  filter  was  used  over  the  average  of  double  filter  results  on  soluble  solids,  of 
0.23  pt*r  cent  in  the  cast*  of  the  chestnut  extract,  and  an  increase  of  0.74  per  cc^nt  on  the 
quebracho  extract.  This,  too,  despite  the  fact  that  the  analyses  were  made  by  dif- 
ferent chemists  and  the  evaporation  and  drying  took  place  under  different  conditions. 
In  general  the  individual  results  l)ear  out  the  indications  of  the  average,  there  being 
but  two  results  (both  on  chestnut  extract)  in  which  the  soluble  solids  with  double 
pai)er  exceeded  results  from  single  pai)er.  The  single  filter  method  requires  a  longer 
time  for  filtration  and  there  is  a  possible  chance  of  error  here,  unless  all  possible  pre- 
cautions against  evaporation  are  taken. 

On  the  question  of  double  or  single  filter  pa|)er,  some  of  the  collaborators  have 
expressed  themselves  as  follows: 

Mr.  Wilson  says:  *'I  am  convincexl  that  590  S  and  S  single  with  assistance  will  trap 
all  insolubles,  and  it  is  certainly  desirable  to  have  the  least  possible  amount  of  paper 
in  contact  with  a  tannin  solution.  The  difference  is  not  so  great  in  quick  filtering 
solutions  like  chestnut,  but  on  slow  filtering  solutions,  rich  in  insolubles,  the  differ- 
ence is  marked,  which  should,  we  think,  bring  the  590  single  strongly  into  favor." 

Mr.  Reed  favors  the  single  pajxjr. 

Mr.  Alsop  is  of  the  opinion  that  single  paper  will  remove  all  insoluble^?. 

Mr.  Alden  says:  *'I  hope  the  double  filter  will  be  retained,  for  there  seems  to  be  a 
considerable  difference  in  the  case  of  quebracho.  The  filtrate  was  not  clear,  as  in  the 
case  of  the  double  filter." 

Turbid  filtrates  have  caused  the  referee  to  hesitate  to  recomend  the  adoption  of  the 
single  paper;  with  the  double  paper,  kaolin,  and  ordinary  care,  a  clear  quebracho 
filtrate  can  always  be  secured.  Single  paper  has  not  always  given  clear  filtrates  and 
sometimes  necessitates  two  or  three  trials.  If  the  single  filter  gives  as  clear  a 
filtrate  as  the  double,  then  there  can  be  no  question,  as  to  the  correctness  of  the 
higher  soluble  solids  results  obtained  from  the  single  filter.  It  is  only  with  unclari- 
fied  quebracho  and  similar  extracts  that  the  annoyance  of- turbid  filtrates  occurs;  and 
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as  it  ia  questionable  whether  the  analysis  of  such  extracts  represent  their  true  value 
in  the  tannery — because  of  the  dissolving  temperature,  and  strength  at  which  they 
are  used  differing  greatly  from  the  conditions  in  the  laboratory — it  is  extremely  im- 
portant that  €»very  particle  of  insoluble  matter  be  determined. 

Apropos  of  this  matter,  I  desire  to  quote  from  Mr.  Alsop^s  report  to  the  referee: 
**1  regret  to  say  that  I  did  not  notice  that  you  said  to  take  10  grams  quebracho  to 
the  liter.  1  took  25.32  grams  for  2  liters,  which,  while  it  falls  within  the  limits  pre- 
8cril>ed  by  the  method,  will  probably  make  my  results  low  in  tannin.*'  This  state- 
ment indicates  a  comlition  of  affairs  which  is  patent  to  every  chemist  who  has  had 
any  experience  with  the  analysis  and  use  of  extracts  rich  in  insolubles. 

With  the  advantages  and  disadvantages  of  the  single  filter  paper  in  mind,  I  advo- 
cate its  trial  for  determinations  of  soluble  solids,  provided  that  all  dryings  shall  be 
made  from  perfectly  clear  filtrates. 

Acid  Determinations. 

Acid  determinations  by  three  methods  were  made  on  the  union  liquor  sent  out.  I 
may  here  remark  that  formaldehyde  was  used  on  the  liquor  to  keep  the  initial 
amount  of  acid  constant.     The  distillation  method  directions  were  as  follows: 

Take  125  cc  of  original  liguor,  distill  over  100  cc,  and  titrate  distillate  with 
phenolphthalein  and  N/IO  sodium  hydrate.  Call  this  result  80  |)er  cent  of  total  vola- 
tile acid  in  the  li(iuor  (i.  e.,  80  per  cent  of  acid  in  100  cc  of  original  liquor). 

This  meth(Kl  was  formerly  in  nm^  in  the  laboratories  of  the  Uuitc<l  States  I^eather 
Company,  the  procedure  of  calling  the  acid  in  the  first  100  cc,  80  per  cent  of  the  acid 
in  100  cc  of  the  liquor  having  been  determined  on,  after  a  series  of  experiments  made 
some  years  ago.  The  standard  method  for  comparison  use<i  in  these  experiments  I 
am  unable  to  give,  as  the  data  are  not  now  at  hand.  It  has  ))een  regarded  as  a  fair 
comparative  method  for  the  volatile  acid  determination  in  tan  liquors,  the  low  results 
having  been  attributtni  to  the  i)ercentage  of  lactic  acid  in  the  liquor,  which  results 
from  this  inetho<l  would  not  show. 

At  the  suggestion  of  the  referee,  Mr.  II.  C.  Rei»d  made  some  experiments  on  the 
determination  of  acid  in  acetic  and  lactic  at*id  solutions  of  known  strength  by  the 
thnn*  methods  indicated  l)y  the  referee.  In  these  ex]ierimenttf  commercial  gnwies  of 
acid  were  u.^'d;  125  cc  of  acetic  and  lactic  acid  solutions  and  125  cc  of  a  soluti(m  of 
the  two  combined,  in  the  ratio  of  50  jx^r  cent  each,  were  distilled  to  100  c<!  distillate, 
and  the  distillates  titrated  with  N/10  Htnlium  hydrate.  The  following  results  were 
obtained: 

Acetic  acid  solution  containing  0.6()4  per  cent  showed  0.69  yyor  cent. 
I^actic  acid  soluticm  containing  0.58  ])er  cent  (as  acetic)  showed  0.019  wr  cent. 
Acetic  and  lactic  (cHjiial  parts)  containing  0.62.'{  per  cent  (as  acetic)  snowecl  0.371 
pt»r  cent. 

Experiments  conducte<l  on  the  same  lines,  but  with  chemically  pure  acids,  gave 
the  referee  the  following  results: 

Acetic  solution  containing  0.84  per  cent  showed  0.44  per  cent. 
Lactic  solution  containing  0.88  per  cent  showed  0.011  per  cent. 
Acetic  and  lactic  solution  containing  0.86  per  cent  showe<l  0.22  jK^r  cent. 

Acid  determinations  ma<ie  by  any  distillation  method  can  not  include  the  lactic 
acid  content,  as  it  can  not  be  distilled  unchanged,  but  is  broken  up  by  heat  into 
lactic  acid,  and  ultimately  into  lactide.  Distillation  methods  involving  the  distilling 
over  of  nearly  all  the  original  liquor  subject  the  acid  to  the  danger  of  decomposition 
by  the  greater  heat  of  the  parts  of  the  still  not  covered  by  the  residue. 

Of  the  distillation  metluxls  used  in  this  year's  experiments,  Mr.  AVilson  writes: 
**The  chief  objection  to  the  distillation  method  is  in  assuming  the  100  cc  of  distillate 
to  contain  only  80  per  cent  of  the  total  acid  in  the  liquor,  although  the  results  so 
obtained  si»em  to  lx*ar  <ait  the  a.ssumption." 

Detenni nations  ])y  the   Kohnstein-Simand  metluMl  were  made  by  heating  100 
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CC  of  the  original  tan  liquor  with  3  to  4  grams  of  freshly  ignited  cheiiiii'ally  pure 
magnej?ia,  filtering,  removing  lime,  and  determining  gravimetrically  the  magnesia 
in  the  filtrate.  Theoretically  this  is  probably  the  best  method,  but  it  is  too  tedious 
and  requires  too  much  care  and  time  to  be  of  practical  use  in  a  laboratory  where 
many  acid  determinations  are  made.  The  filtration  of  the  liquor  is  slow,  and,  in  the 
case  of  many  heavy  liquors  from  acid  hemlock  tanneries,  it  is  impossible  unless  the 
funnel  is  kept  hot  by  means  of  a  hot-water  jacket. 

Mr.  Reed  reports:  "Determinations  were  made  ( Kohnstein-Simand  method)  in 
triplicate  upon  solutions  of  .acetic  and  lactic  acids  and  a  combination  of  the  two,  in 
the  ratio  of  50  per  cent  each,  with  the  following  results: 

"Acetic  acid  solution  0.663  per  cent  by  titration  showed  0.664  per  cent. 

"Lactic  arid  solution  0.536  per  cent  by  titration  showed  0.581  per  cent. 

"  Acetic  and  lactic  acid  solution  0.579  per  cent  by  titration  showed  0.623  per  cent. 

"The  method  does  not  permit  of  very  rapid  determinations,  and  even  if  it  gives 
more  accurate  results,  which  is  doubtful,  the  writer  believes  it  should  be  discarded 
for  this  reason." 

Mr.  Wilson  says:  "The  magnesia  method  might  l)e,  when  properly  liandled,  the 
most  accurate  of  the  methods  under  consideration.  It  has  the  objection,  however, 
of  being  tedious,  and  is  open  to  sources  of  error  in  manipulation." 

For  the  charcoal  methods  100  cc  of  the  original  liquor  were  diluted  to  500  cc  and 
the  diluted  K)lution  was  used  for  the  methods  (a)  and  (6): 

(a)  To  100  cc  of  the  diluted  liquor  add  2 J  grains  of  animal  charcoal,  stir  thoroughly 
every  fifteen  minutes  for  two  hours,  throw  on  filter  and  titrate  an  aliquot  portion 
of  the  clear  filtrate  with  N/10  so<lium  hydrate,  after  the  addition  of  about  200  cc  of 
distilled  water. 

(h)  To  100  cc  of  dilutecl  liquor  add  2i  grains  charcoal,  bring  to  boiling  i)oint  with 
constant  stirring,  filter,  and  titrate. 

For  comparable  results  by  the  charcoal  methods  it  is  essential  that  the  animal 
eharccjal  shall  l>e  free  from  acids  and  carbonates;  the  charcoal  sent  out  with  the 
samples  is  an  imported  product  and  has  given  even  results  for  some  six  months  past. 

Kesulti^  by  these  methods  are  generally  lower  than  the  actual  acid  content,  but  the 
differenc^e  with  every  lot  of  charcoal  of  the  best  grade  is  constant,  and  if  a  correction 
for  this  difference  be  made  the  result  is  nearly  absolute. 

The  t>l>j(H*tion  to  meth(Kl  («)  seems  to  be  to  the  length  of  time  the  charcoal  is  in 
contact  with  the  li<iuor;  results  from  method  (a)  are  invariably  lower  than  those 
obtained  from  method  (b) .  The  difference,  however,  is  not  due  entirely  to  the  time 
of  contact,  but  to  some  extent  to  the  decreased  volume  of  liquor  caused  by  evajmra- 
tion  while  heating.  Mr.  Reed  reports  on  his  experiments  with  acid  solutions  with 
these  methcnls  as  follows: 

Two  samples  of  charcoal  were  usefl  in  these  experiments,  one  furnished  by  the 
referee  and  the  other  an  impure  grade  purified  by  treatment  with  hydrochloric  a<;id 
and  washing.  Methods  (a)  and  (b)  were  used,  the  latter  modified  by  using  a  flask 
with  tube  condenser  and  frequent  shaking.  Charcoal  from  referee  is  marked  (c) 
and  that  prepared  by  writer  (d): 

Tablb  I. — Comparative  results  obtained  with  two  charcoals. 


yolame  of  solution. 

Acetic  acid  solu- 
tion. 

Lactic  acid  solu- 
tion. 

C!ombi nation  (50 

per  cent  acetic,  50 

per  cent  lactic  J. 

(c) 

(d) 

(c) 

(d) 

cc 
7.75 

7.56 

7.65 

(c) 

(d) 

40  cc  aolutlon  required  without  treat- 
ment N/lONaOH 

cc 

8.85 

6.95 
7.1 

cc 
8.85 

7.70 

7.95 

cc 
7.75 

5.3 

5.35 

cc 
8.80 

5.90 

5.95 

cc 
8.30 

40  cc  solution  required  by  method  (a) 
NjlONaOU 

7.65 

40  cc  solution  required  by  method  (6) 
NlONaOH 

7.80 
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It  will  Ikj  noted  that  charcoal  purified  by  the  writer  gave  almost  theoretical  results 
ill  the  ca.se  of  the  lactic  ac;id  solution,  but  with  the  acetic  acid  solution  considerable 
loss  of  acid  resulte<l.  By  treatment  of  the  acetic  acid  solution  with  various  amounts 
of  a  charcoal  and  calculation  of  the  lofis  of  acid  from  a  given  weight  of  charcoal,  prac- 
tically theoretical  results  were  obtained. 

The  referee's  experiment  along  the  same  lines  with  the  same  charcoal  as  that  sent 
out  resulted  as  follows: 


Table  II. — Compnrison  of  two  charaxil  methods. 


Volume  of  i^olution. 


40  cc  H*)lutloii  retiuired  ^itliout  treatment,  N/10  NaOH 
40  cc,  i<oIutioii  required  by  method  (a)  N/10  NuOII 

40  oc  solution  requlre<i  by  method  {h)  N/10  NaOH 


Acetic  acid. 

Lactic  acid. 

Acetic  and 
lactic. 

re 

cc 

cc 

10. » 

10.2 

11.4 

9.4 

8.8 

9.9 

9.4 

8.8 

9.8 

9.35 

8.8 

9.9 

9.4 
9.9 

9.15 

10.1 

9.9 

The  use  of  purifie<l  bone  ])la<'k  was  suggested  in  the  instructions  in  making  deter- 
minations by  this  method,  the  process  consisting  of  treatment  with  dilute  hydro- 
cliloric  acid,  subse<iuent  washing  and  drying,  and  a  final  heating  almost  to  the  point 
of  combustion.  Mr.  Reed's  results  with  charcoal  treated  in  this  manner  are  given 
alK)ve.  The  referee  heate<l  some  charcoal  similar  to  that  at^companying  the  samples 
and  on  the  li<|Uor  sample  made  the  following  determinations:  By  method  (a) ,  0.40 
and  0.40  per  cvnt;  by  method  (h),  0.42  and  0.415  ixjr  cent. 

From  the  table  given  (m  the  detenni nation  of  acid  by  the  three  methods,  the 
Kohnstein-Simand  meth(Ki  seems  to  give  the  least  conconlant  results.  As  stated 
above,  the  slow  filtration  and  the  numl)er  of  distinct  operations  necessary  seem  to 
afford  too  many  opportunities  for  error. 

The  distillation  metho<l  as  used  in  this  work  dejiends  t(M)  much  on  the  80  per  cent 
hyiwUiesis.  In  this  case  the  results  are  close  to  those  from  the  charcoal  methods, 
but  it  has  Ikh'ii  the  rt*fert^'s  experience  that  many  licjuors  showing  a  certain  per- 
centage of  acid  by  the  distillation  methcKl  will  give  almost  double  when  treated  with 
charcoal. 

It  seems  Ui  Iw  the  opinion  of  the  majority  of  the  collalx)rat.ors  that  the  charcoal 
methods  are  sutliciently  accurate  and  (•ompara))le  for  adoption.  The  following  com- 
ments were  made  on  this  i>oint: 

Mr.  Wils<jn. — It  seems  to  the  writer  that  the  simple  charcoal  methoil  is  sufficiently 
accurate  for  the  control  of  yard  li(|Uors. 

Mr.  Reed. — The  writer  is  inclined  to  the  charcoal  metluKls  for  the  determination 
of  total  acids,  j)referring  method  {h)  with  the  variation  of  a  flask  and  tube  condenser. 

Mr.  Small,  differing  from  these  views,  writes:  **Themeth(Klsoutlined(Kohn8tein- 
Simand  excepted)  intrcxluce  such  large  errors  in  the  amount  of  acid  contained,  by 
reason  of  the  treatment  necessary  to  get  clear  liquors,  that  they  are  valueless  save  for 
c(>mj)arison."  He  advcn-ates  the  acid  methcMl  in  which  the  tannin  is  precipitated  by 
gelatin  and  the  renulting  licjuid  titrated,  using  spot  test  with  litmus  for  end  reaction. 
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Table  III. — RetuUs  of  experiments  ttnih  chestnut  ejctmctj  using  single  S.  atid  S.  590  filter 

paper. 


Analyst. 


F.P.Veltch 

J.H.Yocum 

F.H.  Small 

CH.Browm 

W.K.Alsop 

Frederick  Alden  . 
H.T.  Wilson 


H.C.Reed 

C.C.HUdebrand. 
W.H.Teas 


Average  soluble  solids 

Lowest  soluble  solids 

Highest  soluble  solids 

Greatest  difference  from  average . 


\rni.tiit«  !    Totol     I  Soluble  j    p_^_     !  Nontan- 
Moisture..    ^^^^    ,   ^^^^    \    Reds.    ,     ^j^^ 


Per  cent. 


56.15  j 
56.40  I 
55.61 


56.17 
56.15 


Percent 
43.48 
43.  »4 
43.36 
43.94 
43.72 
43.35 
43.48 
43.53 
43.76 
43.33 
43.43 
43.32 


Percent. 
42.93 
43.52 
42.40 
43.23 
43.18 
42.80 
a42.51 
42.34 
13. 18 
42.88 
42.43 
42.36 


Percent. 
0.55  j 
.33' 
.96  j 

:.! 

.55  ! 

1.02  j 

1.19  ' 

.58 

I 
.45 

1.00  ; 

.96 


Percent. 
17.92 
19. -22 
17.43 
17.20 
17.46 
18.42 


I 


16.73 
17.57 
17.23 
16.92 
16.89 


Tannins. 


a  Laboratory  paper. 


Percent. 
25.01 
24.30 
24.97 
'26.08 
25.72 
24.38 
25.78 
•25.61 
•25.61 
25.65 
•25.51 
25.47 


Per  cent. 

42.81 

42.34 

43.52 

.71 


Table  IV. — Results  of  experiments  with  cliestnut  extract^  using  double  S.  and  »S\  590  filter 

paper. 


Analyst. 


F.P.Veitch 

W.H.Krag 

J.H.Yocum 

F.H.Small 

C.H.Brown 

W.K.Alsop 

Frederick  Alden  . 
H.T.  Wilson 


H.C.Reed 

C.C.Hildebrand. 
W.H.Tea8 


Imo**"-!  ^fi^ 


56.40  I 
55.61  I 


'  Per  cent.    Per  cent. 

.! '        43.48 

43.04 
43.85 
43.32 
43.94 
43.72 
43.51 
43.48 
43.53 
43.76 
43.33 
43.43 
43.32 


66.17  . 
56.15  I 


Soluble 
solids. 


Reds. 


Per  cent. 
4'2.62 
41. 52 
43.74 
42.29 
43.00 
43.07 
43.03 
b42.26 
42.33 
42.91 
42.25 
12.32 
42, 21 


Per  cent.  ' 
0.86 
1.52 
.12' 
1.03  , 
.W 
.65  ' 
.48 
1.22 
1.15 
.85  . 
1.08 
1.11  I 
1.11 


Non  tan- 
nine. 

Tanuins. 

Per  cait. 

Per  cent. 

17.92 

24.70 

15.80 

a*25.?2 

19.22 

24.51 

17.49 

24.80 

J  7. 20 

25.80 

17.46 

25.61 

18.60 

24.  43 

16. 7;i 

25.53 

16.73 

25.60 

17.57 

•25.34 

17.  \a 

25. 02 

16. 9*-' 

•25.40 

16.81) 

•25.32 

a  Dried  five  hours  In  vacuo,  at  100°  C.  "   t>  Laboratory  pajicr. 

Per  cent. 

Average  soluble  solids 42.58 

Lowest  soluble  solids 41.52 

Highest  soluble  solids 43.74 

Greatest  difference  from  average 1.16 
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Tablb  v. — Remits  of  experiments  imih  quebracho  extract^  using  single  S.  and  S.  590  filler 

paper. 


Analyst. 


H.T.WUson. 


F.P.Veitch 

J.H.Yocum 

F.H.  Small 

C.  H.  Brown 

W.K.Alsop 

Frederick  Alden  . 

H.C.Reed 

Harry  Gerber 

C.C.Hildebrand.. 
W.H.Teas 


Moisture. 


Percent. 
52.49 
52.44 


52.89 
52.42 
52.22 


52.50 
52.13 


Total 
solids. 


Percent. 


47.54 
48.00 
47.61 
47.10 
47.69 
47.41 
48.03 
47.47 
48.72 
47.68 
47.46 
47.45 


Soluble 
solids. 


Percent. 
a  43. 02 
43.08 
43.68 
43.28 
42.72 
43.28 
42.46 
45.35 
43.39 
46.23 
43.54 
44.32 
44.46 


Reds. 


Percent. 
4.52 
4.46 
4.82 
4.33 
4.38 
4.41 
4.95 
2.68 
4.08 
2.49 
4.14 
3.14 
2.99 


Nontan- 
Dins. 


Percent. 


Tannins. 


7.04 
7.07 
9.06 
7.25 
7.42 
7.56 
7.39 
7.18 
''.SI 
7.81 
7.43 
7.47 


Percent. 
35.98 
36.04 
36.61 
34.22 
35.47 
35.86 

(»34.90 
37.96 
36.26 

<'38.92 
35.78 
36.89 
36.99 


a  Laboratory  paper.         b  Twelve  and  one-half  grrams  extract  to  liter.         c  Fifty  cc  evaporation. 

Per  cent. 

Average  soluble  solids ; 43.76 

Lowest  soluble  solids 42. 46 

Highest  soluble  solids 46. 23 

Greatest  difference  from  average 2. 48 

Table  VI. — Results  of  experiments  imih  quebracho  extract^  using  donljle  S.  and  S.  590 

filter  paper. 


Analyst. 


Moisture. 


H.T.Wilson. 


H.C.Reed 

F.P.Veitch 

W.H.Krug 

J.H.Yocum 

F.H.  Small 

C.H.Brown 

W.K.Alsop 

Frederick  Alden  . 

Harry  Gerber 

C.C.Hildebrand.. 


I  PerccnJt. 

I      52.49 

"1      52.44 

52.50 


W.H.Teas. 


52.39 
52.42 
62.22 


Total 
solids. 


Soluble 

80lld.ll. 


Percent. 


52.13 


47.54 

47.47 

48.00  I 

48.28  \ 

47.61 

47.09  j 

47.69 

47.41 

47.75 

48.72 

47.68 

47.46 

47.45 


Percent 
a42.61 
42.23 
42.93 
43.40 
42.20 
43.00 
42.39 
42.83 
4L72 
43.64 
46.05 
43.16 
43.02 
42.97 


Reds. 

Non- 
tannins. 

Tannins. 

^cent. 

Percent. 

Per  cent. 

4.93 

35.57 

5.31 

7.(M 

35.19 

4.54 

7.13 

35.80 

4.60 

7.07 

36.33 

6.03 

6.93 

635.27 

4.61 

9.06 

83.94 

4,70 

7.30 

a5.09 

4.86 

7.42 

35.41 

5.69 

7.56 

C34.16 

4.11 

7.17 

85.47 

2.67 

7.31 

d88.74 

4.52 

7.81 

35.35 

4.44 

7.43 

35.59 

4.48 

7.47 

35.60 

aLaboratory  paper.  cTwelve  and  one-half  grams  to  liter. 

bDried  5  hours  in  vacuo  at  100°  C.  dFifty  cc  evaporation. 

Per  cent 

Average  soluble  solids 43.01 

Lowest  soluble  solids 41. 72 

Highest  soluble  solids 46.06 

Greatest  difference  from  average 3.04 
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Table  VII. — Comparison  of  results  on  soluble  solids. 


Results  compared. 


Chestnut. 


SiDKle 
l>aper. 


Avenge  soluble  solids 

Lowest  soluble  solids 

Highest  soluble  solids 

Greatest  difference  from  average. 


Percent. 

42.8 

42.34 

43.62 

.71 


Double 
paper. 


Quebracho. 


Single 
paper. 


Percent. 

42.58 

41.52 

43.74 

1.16 


Double 
paper. 


Per  cent.    Per  cent 
43.75  '  43.01 

42.46  I  41.72 

46.23  I  46.05 

2.48  3.04 


Tablk  VIII. — Results  with  different  methods  of  determining  total  acidily 

Analyst. 

Distllla-     Kohnsteln- 
Uon.      1    Simand. 

Charcoal. 

(a)       • 

Percent. 

0.397 

.393 

.42 

.41 

.34 

.40 

.87 

.36 

ft.  44 

J          .39 

1          .868 

.875 

.38 

.38 

.39 

(b) 

H.T.Wilson....' 

Per  cent.       Per  cent. 
0. 355              0. 350 

Percent. 
0.426 

H.C.Reed 

.3945 

.38 

.40 

.36 

.87 

.37 

.438 

.37 

f          .362 
1          .3M 
.860 
.31 

.4458 
.60 
.44 
.65 

.420 
a.  4725 

F.P.Veitch 

.45 

J.H.  Yocum 

.86 

F.H.  Small T 

.42 

C.  H.  Brown 

.48 

W.H.Almp 

.48 

.42 

Frederick  Alden 

Harry  Gerber 

.67 

.44 

.4425 
.45 

C.C.Hildebrand 

.409 

W.H.Teaa 

.63 
.73 

.416 

J.H.Norton 

.46 

a  When  condenser  was  used,  the  result  was  0. 42  per  cent;  with  purified  boneblack  it  was  0. 4125. 
b  Three  hours'  contact. 

Recommendations. 

As  the  official  method  for  total  acid  in  tan  liquors  for  this  year,  the  referee  pro- 
pofles  the  following: 

To  100  cc  of  diluted  liquor  in  a  flask  with  tube  condenser  add  2  grams  chemically 
pure  animal  charcoal,  bring  to  boil  with  frequent  shaking,  filter,  cool,  and  titrate  an 
aliquot  portion. 

The  following  provisional  method  is  also  proposed: 

To  100  cc  of  diluted  liquor  add  2J  grains  animal  charcoal,  stir  every  fifteen  minutes 
for  two  hours,  filter,  take  an  aliquot  part  and  titrate. 

It  is  convenient  to  take  40  cc  of  the  filtrate  and  titrate  with  N/10  sodium  hydrate, 
as  this  amount  is  soon  filtered  and  admits  of  rapid  calculation. 

It  is  highly  imperative  that  the  charcoal  l)e  free  from  acid  and  carlwnates  and 
preferable  that  it  be  recently  freshened  by  careful  heating.  Treatment  of  impure 
charcoals  with  dilute  acid,  followed  by  ample  washing  and  then  heating,  will  result 
in  a  charcoal  which  will  give  good  results. 

The  following  modifications  of  the  official  method  are  recommended: 

To  omit  the  moisture  determination. 
To  change  (6)  in  paragraph  III  so  as  to  read: 

Evaporations  shall  take  place  under  precisely  the  same  conditions  as  to  contact  with 
steam  or  with  a  metallic  plate.     All  dryings  called  for  after  evaporation  shall  be  done 
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Uy  one  of  the  following  methodfl,  under  precisely  the  same  conditions,  so  that  the 
different  residues  of  each  analysis  may  occupy  the  same  shelves  in  the  arying  oven: 

1.  For  eight  hours  at  the  temi>erature  of  boiling  water  in  steam  bath. 

2.  For  six  hours  at  100°  C.  in  air  bath. 

3.  For  five  hours  in  vacuo  at  100°  0. 

V.  Soluble  solids,  to  read  as  follows: 

Single  pleated  filter  paper  (S.  and  S.  590,  51  cm. )  shall  be  used.  To  2  grams  kaolin 
add  75  cc  of  the  tannin  solution,  stir,  let  stand  fifteen  minutes  and  decant  as  much 
as  possible  (not  on  the  filter);  add  75  cc  of  the  solution,  stir,  and  pour  on  the  filter; 
keep  filter  full,  reject  the  first  150  cc  of  filtrate,  evaiwrate  and  dry  next  100  cc.  Tht* 
portion  dried  for  determination  shall  be  perfectly  clear  and  evaporation  during  filtra- 
tion must  be  guarded  against. 

VI.  NoNTANNiNs:  Two  grams  kaolin  to  be  used  when  filtering. 

Omit  paragraph  VIII  on  testing  hide  powder,  and  secrtion  (6)  of  paragraph  IX. 

For  next  year's  work  the  referee  recommends  additional  experimental  work  on 
soluble  solids,  acid  determinations,  and  on  the  amount  of  extract  taken  for  analysis. 

The  President.  I  understand  that  there  is  one  more  paper  to  be 
presented  on  tannin,  but  a«  Mr.  Frear,  chairman  of  the  committee  on 
food  standards,  is  compelled  to  leave  to-night,  we  will  listen  to  his 
report  now,  if  there  is  no  objection. 

EEPOBT  OF  THE  COMMITTEE  ON  FOOD  STANDAEDS. 
By  Wm.  Frear,  Cfiairman. 

Mr.  President  and  Gentlemen:  Your  committee  on  foo<l  standards  would  respect- 
fully report  with  reference  to  the  work  of  formulation  of  definitions  and  standards 
for  foods  as  follows: 

The  association  has  reason  for  congratulation  upon  the  fact  that  the  conservatism, 
earnestness,  and  efficiency  of  its  work,  which  have  won  pleasant  recognition  of  its 
jTublic  usefulness  in  the  past,  are  given  distinct  recognition  by  Congress  in  the  appro- 
priation act  of  the  last  session  for  the  Department  of  Agriculture.  This  act  states  that 
**The  Secretary  of  Agriculture,  in  collaboration  with  the  Association  of  Official  Agri- 
cultural Chemists  and  such  other  experts  as  he  may  desire  to  consult,  shall  ^x  stand- 
ards for  all  food  products  for  the  information  and  guidance  of  the  officials  and  courts 
charged  with  the  execution  of  pure-food  laws.*' 

During  the  past  year  a  number  of  sets  of  definitions  and  standards  have  been 
revised  and  prei)ared  for  submission  to  the  trade,  members  of  the  association  charged 
with  food  control  work,  State  dairy  and  food  commissioners,  and  others,  to  serve  as 
a  basis  for  suggestion  and  criticism  that  may  assist  the  committee  in  perfecting  these 
definitions  and  standards  so  as  to  make  them  representative  of  the  legitimate  trade 
of  to-day.  For  a.*«sistance  in  the  distribution  of  these  schedules  the  committee  is 
under  sjiecial  obligations  to  the  honorable  Secretary  of  Agriculture  and  the  chief  of 
the  Bureau  of  Chemistry. 

Your  conmiittee  has  considered  the  suggestions  from  the  trade,  and  has  practically 
completed  its  work  upon  two  schedules;  and  it  hofH^s  to  have  ready  for  submission 
by  the  end  of  the  year  sets  of  definitions  and  standanlH  for  the  following  principal 
classes  of  goods:  Meat,  milk,  cereal  products,  salad  oils,  spices,  wines,  vinegars, 
malte<l  liquors,  tea,  coffet*,  and  cocoa  pro<lucts,  relative  to  most  of  which  corrcsix)nd- 
ence  is  now  in  progress  with  the  tni<le  interests  concerne<l. 

In  view  of  the  authorization  previously  granted  to  this  committee^  enabling  it  to 
bring  its  work  at  given  stages  to  comj)letion  during  intervals  Ix'twc  en  the  meetmgs 
of  the  ass<H'iation,  and  of  the  desinibility  of  accompanying  the  definiticmH  and  stand- 
ards, when  i«<ue<l,  with  a  full  statement  of  the  principles  governing  the  committee 
in  their  formulation,  it  has  l)een  thought  preferable  not  to  present  at  this  date  the 
definitions  and  standards  for  the  several  sche<lules  ui)on  which  the  work  of  the 
committee  has  l)een  practically  completed. 

It  is  re8i)ectfully  requested  that  the  committee  be  continued. 
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Mr.  Wiley.  I  have  just  received  a  telegram  from  Dr.  Smith,  direc- 
tor of  the  Agricultural  Experiment  Station  of  Michigan,  stating  that 
Dr.  Kedzie  is  seriously  ill  and  his  recovery  is  possible,  but  improbable. 

On  motion,  the  secretary  was  instinicted  to  send  a  telegram  of  sym- 
path}^  on  behalf  of  the  association. 

[The  following  telegram  was  sent  in  accordance  with  these  ^instructions:  "The 
association  sends  cordial  sympathy  to  Dr.  Kedzie  and  earnest  hopes  for  a  speedy 
recovery." 

Dr.  Kedzie  lingered  until  November  7,  when  his  death  took  place  at  his  home  at 
Agricultural  College.  The  following  brief  biography  and  the  portrait  which  consti- 
tutes the  frontispiece  of  this  bulletin  are  given  place  as  the  last  tribute  of  the  associa- 
tion to  the  memory  of  one  who  had  long  been  a  valued  and  beloved  coworker. — The 
Editor.] 

A  MEMOIB  OF  THE  LATE  R  0.  KEDZIE. 
By  L.  S.  MuNSON. 

Robert  Clark  Kedzie  was  bom  at  Delhi,  N.  Y.,  January  28,  1823.  At  the  age  of  3 
years  he  went  with  his  parents  to  Michigan,  where  they  settled  in  Lenawee  County. 
They  were  among  the  pioneers  of  that  section,  and  the  father  having  died  soon  after 
settling  in  that  region,  it  was  left  to  the  mother  and  seven  children  to  make  for 
themselves  a  home  under  these  adverse  circumstances.  At  the  age  of  17  Robert 
entered  Oberlin  College,  and  graduated  six  years  later.  Meanwhile  he  had  supported 
himself  largely  by  work  outside  of  college  duties  and  by  teaching  school  during  vaca- 
tions. Immediately  upon  graduation  he  took  charge  of  Rochester  Academy,  in 
Oakland  County,  which  position  he  held  for  two  years.  He  then  entered  the  med- 
ical school  of  the  University  of  Michigan,  and  in  1851  received  the  degree  of  M.  D. 
with  the  first  graduating  class  of  that  institution.  After  practicing  medicine  first  at 
Kalamazoo  for  one  year,  and  later  at  Vermontville  for  ten  years,  he  enlisted  with 
the  Twelfth  Michigan  Infantry.  He  returned  to  Michigan  in  1863,  and  was  at  once 
appointed  professor  of  chemistry  at  the  Michigan  Agricultural  College.  This  posi- 
tion he  held  until  July  1,  1902,  when  he  was  relieved  of  active  duties  at  his  own 
request,  and  was  made  professor  emeritus. 

In  1863  Oberlin  Collie  bestowed  upon  Dr.  Kedzie  the  degree  of  M.  A.  In  1898 
the  Michigan  Agricultural  College,  in  recognition  of  his  long  and  valued  service  as  a 
scientist,  honored  him  with  the  degree  of  D.  Sc,  and  in  1901  the  University  of 
Michigan  conferred  upon  him  the  highest  honor  in  its  power,  the  degree  of  LL.  D. 

It  was  in  his  capacity  as  professor  of  chemistry  at  the  Michigan  Agricultural  Col- 
lege that  his  work  stands  out  most  prominently.  He  became  connected  with  that 
institution  at  a  time  when  its  fate  was  hanging  in  the  balance;  an  agricultural  college 
was  a  new  institution  and  had  to  demonstrate  its  usefulness  before  the  people  of  the 
State.  While  Dr.  Kedzie  had  in  his  own  mind  no  doubt  as  to  the  value  of  su(^h  an 
educational  institution,  the  demonstration  of  its  usefulness  was  a  matter  of  extreme 
difiiculty.  In  many  cases  sentiment  was  against  the  college.  The  legislature  was 
hostile,  and  support  was  obtained!  with  difficulty.  It  was  against  these  odds  that 
the  authorities  had  to  work,  and  to  no  other  man  is  more  cre<lit  due  for  the  ultimate 
success  of  the  institution  than  to  Dr.  Kedzie.  Not  only  in  its  formative  period,  but 
in  all  its  subsequent  history,  he  was  a  dominating  factor.  A  persistent  worker,  an 
untiring  fighter  when  once  he  felt  that  he  was  in  the  right,  and  a  man  with  con- 
scientious regard  for  the  welfare  of  the  common  people,  he  made  his  influence  felt, 
not  only  at  the  college  and  throughout  the  State,  but  through  these  institutions  he 
became  a  man  of  national  reputation. 
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Daring  his  service  of  thirty-nine  years  at  the  college  he  gave  instruction  in  chem- 
istry to  every  class  save  two.  He  was  a  natural  teacher,  and  had  the  faciulty  to  a 
marked  degree  of  infusing  into  his  students  the  enthusiasm  for  his  subjci*.t  that  he 
himself  felt.  There  was  no  place  in  his  class  room  for  the  idler,  but  for  the  student 
he  always  manifested  a  keen  interest.  His  classes  were  always  the  most  popular  at 
the  college.  The  work  of  the  students  was  always  of  the  first  order,  not  because  he 
compelled  it,  but  because  respect  for  the  man  commanded  it. 

In  characterizing  his  services  to  science  and  to  mankind,  Dr.  Victor  C.  Vaughn,  of 
the  University  of  Michigan,  speaks  as  follows; 

I  know  of  no  other  man  who  has  done  so  much  for  the  betterment  of  human  life. 
He  was  the  first  to  investigate  the  dangers  of  arsenical  wall  papers  and  to  inaugurate 
legislation  looking  to  the  discontinuance  of  their  manufacture.  He  also  investigated 
the  dangers  of  inferior  illuminating  oils,  and  legislation  safeguarding  the  people 
against  them  was  enacted.  Dr.  Kedzie  has  justly  been  called  the  father  of  the  beet- 
sugar  industry  in  Michigan.  He  showed  that  something  could  be  grown  on  the  lands 
where  the  pine  forests  had  been  cut  off.  As  a  member  of  the  State  board  of  sanita- 
tion he  was  a  leader.  He  accomplished  things.  The  State  of  Louisiana,  through 
his  efforts,  inaugurated  a  quarantme  at  New  Orleans,  the  first  of  its  kind  in  the 
world,  and  when  Asiatic  cholera  appeared  at  the  port  of  New  York  it  was  largely 
because  of  his  influence  that  it  was  possible  to  say:  "Thus  far  shalt  thou  come,  and 
no  farther." 

Dr.  Kedzie  was  one  of  the  original  members  of  the  Michigan  State  board  of  health, 
and  acted  as  its  president  for  four  years.  He  served  as  chemist  of  the  experiment 
station  from  the  time  of  its  establishment  in  Michigan  until  his  death,  and  it  was 
largely  through  his  efforts  that  the  inspection  of  commercial  fertilizers  was  estab- 
lished in  the  State.  Twenty-five  years  ago  he  fought  and  won  the  battle  for  winter 
wheat  that  the  millers  were  determined  to  grade  below  quality.  He  took  an  active 
interest  in  the  work  of  the  Association  of  Official  Agricultural  Chemists,  and  in  1898 
he  was  elected  president  of  the  association. 

Personally  Dr.  Kedzie  was  an  exceptional  man.  His  strong,  vigorous  mind,  his 
frankness  of  manner,  his  forceful  presentation  of  facts,  his  sympathetic  and  loving 
spirit  won  for  him  the  kindest  regard  and  the  respect  of  all  who  knew  him.  He  had 
those  qualities  that  make  a  great  man.  He  had  to  a  remarkable  degree  the  power  of 
concentrating  his  mind  upon  a  subject  until  he  had  completely  mastered  the  facts; 
and  he  had  the  courage  to  assert  what  he  believed,  regardless  of  whose  interests  it 
affected.  In  the  class  room  and  out,  the  aim  to  get  at  the  truth  asserted  itself  and 
made  its  impression  upon  those  with  whom  he  came  in  contact.  No  student  ever 
had  a  firmer  friend  than  was  Dr.  Kedzie;  no  deserving  student  ever  went  to  him  in 
trouble  without  receiving  some  form  of  assistance. 

Dr.  Kedzie  died  Noveml)er  7, 1902,  after  an  exceedingly  distressing  illness  of  al)out 
six  weeks.  He  was  taken  with  an  affec^tion  of  tlie  heart  which  made  breathing  diffi- 
cult, yet,  through  all  his  suffering,  the  same  invincible  will  power,  the  same  heroic 
tenacity  of  l)u^p()^«e  lK)re  him  up.  Those  who  knew  him  iMjrsonally  feel  his  death  as 
a  great  ))ersonal  loss,  and  the  loss  of  his  influence  will  l)e  severely  felt  by  all  who 
have  l)een  associated  with  him  and  especially  by  the  institution  with  which  he  was 
so  long  connected. 

Mr.  Wiley.  I  move  that  the  discussion  of  the  report  on  food  stan- 
dards as  well  as  the  reports  and  discussion  on  tannin  l>e  postponed 
until  to-morrow  as  we  must  now  give  up  this  room. 

The  motion  prevailed. 

On  motion  b\^  Mr.  Davidson  the  association  adjourned  at  4  p.  m, 
until  9.30  Friday  morning. 
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SECOND    DAY. 

FBISAT— MOBHIHG  SESSION. 

The  meeting  was  called  to  order  by  the  president  at  9.30  a.  m. 
The  President.  The  first  report  in  order  is  that  on  the  separation 
of  nitrogenous  bodies,  by  Mr.  Van  Slyke. 

BEPOBT  OB  THE  SEPASATIOB  OF  HITBOGEVOITS  BODIES. 
By  L.  L.  Van  Slyke,  Referee. 

The  referee  decided  to  confine  his  work  this  year  to  the  proteolytic  products  of  milk 
and  cheese  in  the  hope  of  preparing  methods  of  estimation  which  could  be  later  sub- 
jected to  critical  examination  at  the  hands  of  different  analysts.  The  work  covered 
by  this  report  has  been  largely  done  in  the  laboratory  of  the  New  York  Agricultural 
Experiment  Station,  at  Geneva,  by  Mr.  E.  B.  Hart.  This  report  is  more  accurately 
entitled  **  Methods  for  the  estimation  of  the  proteolytic  compounds  contained  in 
cheese  and  milk.'* 

When  milk-casein  and  its  salts,  or  paracasein  in  cheese  and  its  salts,  are  acted  upon 
by  dilute  acids  or  alkalies  under  certain  conditions,  or  by  enzyms,  or  by  micro- 
organisms, the  proteid  bodies  are  split  up,  forming  a  variety  of  complex  cleavage 
products.  The  extent  and  intensity  of  such  proteolytic  changes  are  measured  by 
the  proportions  and  kinds  of  the  different  compounds  resulting  from  the  decomposi- 
tion. In  the  ripening  process  that  takes  place  in  cheese,  we  have  an  instance  of 
extensive  proteolysis  in  the  case  of  the  nitrogen  compounds  of  the  fresh  cheese,  due 
probably  to  the  combined  action  of  dilute  acid,  enzyms,  and  micro-organisms.  In 
our  study  of  the  causes  that  produce  cheese-ripening  and  of  the  conditions  that  influ- 
ence the  process,  we  were,  at  the  start,  brought  face  to  face  with  the  difficulty 
involved  in  the  lack  of  satisfactory  methods  for  making  quantitative  separations  and 
determinations  of  the  products  of  cleavage  formed.  While  we  have  well-elaborated 
methods  for  estimating  the  amount  of  casein  and  albumin  in  fresh  milk,  these  are  of 
little  aid  in  studying  the  products  of  their  decomposition.  Little  attention  has  been 
given  to  the  development  of  methods  that  are  applicable  to  the  products  occurring 
in  this  field.  Serious  difficulties  are  involved  in  such.a  study.  First,  we  know  at 
present  only  in  an  extremely  meager  and  vague  way  the  chemical  constitution  of 
milk-casein  and  and  its  allied  compounds.  As  regards  the  constitution  of  the  various 
compounds  formed  by  the  proteolysis  of  casein,  we  are  largely  in  the  dark,  except 
in  the  case  of  some  of  the  simpler  ones.  In  the  second  place,  this  field  is  difficult  to 
study,  because  the  quantities  of  individual  compounds  that  we  have  to  work  with 
are  usually  very  small.  Under  these  conditions,  methods  of  quantitative  separation 
must,  at  best,  be  regarded  as  largely  empirical  and  more  or  less  tentative.  .  Instead 
of  estimating  individual  compounds,  about  which  our  chemical  knowledge  is  com- 
plete, we  are  compelled,  in  a  large  degree,  to  estimate  groups  of  compounds,  the 
individual  members  of  which  we  know,  for  the  most  part,  incompletely  or  not  at  all. 

From  the  peptic  digestion  of  casein,  Chittenden  has  separated  the  proto-  and 
deatero-caseoee8,<>  and  from  a  tryptic  digestion,  a  deutero-caseose  and  a  peptone.^ 


aStudies  in  Physiol.  Chem.,  Yale  Univ.,  2: 156  (1884-86). 
^Studies  in  Physiol.  Chem.,  Yale  Univ.,  8:    66  (1887-88). 
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Alexander  «  has  separated  hetero-cafleose  from  a  peptic  digestion  of  casein,  but  only 
in  small  quantities.  Many  investigators  have  obeerx^ed  paranuclein  or  pseudonuclein, 
the  insoluble  residue  remaining  from  the  peptic  digestion  of  casein  or  paracasein. 
Emil  Fischer  and  P.  A.  Lavene  ^  have  obtained  pyrrolidin-cr-carbonic  acid  from  a 
tryptic  digestion  of  casein. 

By  hydrolysis  of  cxisein  with  hydrochloric  acid,  Cohn«  obtained  l-parahydroxy- 
phenyl-a-amidopropionic  acid  (tyrosin),  l-a-amido-isobutylacetic  acid  (leucin), 
amidosuccinic  (aspartic)  acid,  a-amidoglutaric  (glutamic)  acid,  a  pyridin  deriva- 
tive, and  ammonia;  by  the  same  means,  Emil  Fischer  ^^  has  recently  isolated,  among 
the  monoamido  acids,  in  addition  to  products  previously  obtained  by  others,  amido- 
valeric  acid,  phenyl-a-amidopropionic  acid  (phenylalanine),  pyrrolidin-a-carbonic 
acid,  and  probably  amido-acetic  acid  (glycocoll). 

Among  the  crystallizable  end  products  which  have  been  found  in  ripening  cheese 
are  the  following:  Tyrosin,  •  leucin,  histidin,  a-e-diamidocaproic  acid  (lysin), 
tetramethylenediamine  (putrescin),  peutamethylenediamine  (cadaverin),  lysatin, 
guanidin  probably,  and  ammonia.  Most  of  these  products  have  been  recently 
reported  by  Winterstein  and  Thony  as  being  found  in  Emmenthaler  cheese. 
Excepting  ciidaverin  and  guanidin,  they  had  also  been  previously  found,  though  not 
reported,  in  American  cheddar  cheese  in  this  laboratory.  It  is  very  probable  that 
other  amido  comjwunds  will  be  found,  sooner  or  later,  among  the  products  formed 
by  the  tryptic,  if  not  the  peptic,  digestion  of  milk-casein  and  of  cheddur  cheese. 

In  cheese  we  find,  earlier  or  later,  during  the  ripening  process,  a  series  of  com- 
pounds and  groups  of  compounds,  which,  so  far  as  we  know  at  present,  appear  in 
something  like  the  following  order  of  succession:  (1)  Paracasein,  (2)  unsaturated 
paracasein  lactate,  (3)  ])aranuclein  (pseudonuclein),  (4)  caseoses  (albumoses),  (5) 
peptones,  (6)  amido-acid  compounds,  and  (7)  ammonia.  After  the  early  stages  of 
ripening  we  have  present  at  the  same  time  all  these  different  compounds  and 
groups. 

We  shall  consider  methods  for  the  separation  and  estimation  of  the  proteolytic 
products  found,  first  in  cheese,  and  second  in  milk,  following  the  general  order  indi- 
cated above.  It  may  be  well  to  say  at  the  outset  that  in  dealing  with  the  separa- 
tion of  nitrogenous  bodies  so  complex  in  composition  as  those  mentioned  above  and 
occurring  in  very  variable  (luantities,  we  can  hope  at  present  in  the  study  of  milk 
and  cheese  problems  only  to  approximate  accurate  quantitative  n^ults.  While  we 
have  in  the  Nencki  metho<l  a  very  at'curate  means  of  estimating  ammonia,  the 
methods  u.*§etl  in  separating  i)e])tones  from  amido  compounds  can  not  be  relied  upon 
to  give  us  more  than  approximate  results, 

I.  Methods  for  the  Separation   and  Estimation  of  the  Nitro<?en  Compounds 

OP   CriEESK. 

The  description  and  discussion  of  the  methods  used  for  the  separation  and  estima- 
tion of  the  nitrogen  compounds  of  cheese  will  be  presented  in  the  following  order: 

1.  Obtaining  sample. 

2.  Determination  of  total  nitrogen  in  cheese. 

3.  Extraction  of  water-soluble  products. 

4.  Determination  of  total  water-soluble  nitrogen. 

5.  Detennination  of  nitrogen  in  the  form  of  paranuclein. 


«Zeit.  f.  Physiol.  Chem.,  25:411  (1898). 
^'Zeit.  f.  Physiol.  Chem.,  83:  170  (1901). 
'•Ber.  deut.  Chem.  Ges.,  29: 17^^)  (1896). 
'/Zeit.  f.  Physiol.  Chem.,  83:  151  (1901). 
^ZtMt.  f.  Physiol.  Chem.,  36:  28  (1902). 
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6.  Determination  of  nitrogen  in  the  form  of  proteids  coagulahle  by  heat  in  neutral 
solution. 

7.  Determination  of  nitrogen  in  the  form  of  caseoses  (albumoses). 

8.  Determination  of  nitrogen  in  the  form  of  amido-acid  compounds. 

9.  Determination  of  nitrogen  in  the  form  of  peptones. 

10.  Determination  of  nitrogen  in  the  form  of  ammonia. 

11.  Determination  of  nitrogen  in  the  form  of  unsaturated  paracasein  lactate. 

1.    OBTAINING   SAMPLE  OF  CHEB8E. 

A  sample  of  cheese  is  obtained  for  analysis  by  means  of  a  cheese-trier,  which  enables 
one  to  secure  a  round  plug  of  cheese  about  half  an  inch  in  diameter  and  four  to  six 
inches  long.  Four  or  five  plugs  are  drawn,  one  within  a  short  distance  of  the  cen- 
ter of  the  cheese,  one  about  an  inch  from  the  outer  circumference,  and  the  others  at 
points  equidistant  between  the  two  previous  ones  taken.  Samples  thus  taken  repre- 
sent practically  all  different  conditions  existing  in  the  cheese.  After  each  plug  of 
cheese  is  removed,  about  an  inch  of  the  end  having  the  rind  is  cut  off,  and  the  rest 
is  placed  in  a  well-stoppered,  lai^e-mouthed  sample  bottle.  The  end  with  the  rind 
is  dipped  once  or  twice  in  melted  paraffin  and  then  c&refully  replaced  in  the  cheese, 
being  pushed  in  a  little  below  the  surface.  After  all  the  plugs  have  been  taken 
and  the  ends  properly  replaced  in  the  cheese,  some  of  the  melted  paraffin  is  poured 
over  the  surface  to  fill  up  and  surround  the  depressions  made  by  replacing  the  ends 
of  the  plugs.  This  treatment  generally  insures  the  exclusion  of  molds  and  prevents 
abnormal  loss  of  moisture  in  the  portions  of  cheese  near  the  holes  left  by  the  removal 
of  the  cheese  plugs.  This  is  a  matter  of  much  importance,  when  one  intends  to 
keep  the  same  cheese  for  one  or  two  years  for  systematic  examination. 

When  all  the  plugs  of  cheese  needed  have  been  taken,  the  analysis  should  not  be 
long  delayed.  The  cheese  in  the  bottle  is  cut  into  small  pieces  with  a  spatula  and 
stirred  within  the  bottle,  in  order  to  mix  the  whole  into  as  homogeneous  a  mass  as 
possible. 

2.     DETERMINATION   OF  TOTAL   NITROGEN    IN   CnEESE. 

We  weigh  out  1  or  2  grams  of  the  cheese,  prepared  as  described  above,  for  the 
determination  of  total  nitrogen  and  treat  it  according  to  the  Kjeldahl-Gunning  method, 
modified  as  follows:  When  the  solution  has  become  partially  digested,  we  add  a  piece 
of  copper  sulphate  about  as  large  as  an  ordinary  pea.  Unless  this  is  done,  it  will 
take  a  long  time  to  convert  the  organic  nitrogen  completely  into  ammonia. 

3.    EXTRACTION   OF   WATER-SOLUBLE   PROI)rCT><. 

In  a  porcelain  mortar,  we  thoroughly  mix  25  grams  of  our  cheese  sample,  pre- 
pared as  indicated  above,  with  about  an  equal  bulk  of  clean  quartz  sand.  This 
mixture  is  transferred  to  a  450-cc  Erlenmeyer  flask,  to  which  we  add  alnmt  100  cc  of 
distilled  water  at  a  temperature  of  50°  C.  The  flask  is  then  placed  on  a  water 
bath  or  in  some  place  where  it  can  be  kept  at  a  temperature  of  50  to  55°  C,  and 
is  allowed  to  stand  for  half  au  hour,  being  vigorously  shaken  from  time  to  time. 
The  liquid  portion  is  then  decanted  through  a  filter  of  absorbent  cotton  into  a  500-cc 
flask.  The  residue  is  again  treated  with  100  cc  of  water,  heated,  agitated,  and  the 
liquid  decanted  as  before.  This  process  is  repeated  until  the  filtrate,  after  being 
cooled  to  room  temperature,  amounts  to  500  cc,  exclusive  of  the  fat,  which  u-sually 
is  present  at  the  top  of  the  liquid. 

The  cotton  filter  mentioned  is  made  of  two  layers  of  absorbent  cotton  prepared  as 
follows:  In  a  glass  funnel,  we  place  some  absorbent  cotton  to  the  depth  of  about  1 
inch;  moisten  this  with  water,  in  order  to  compact  it,  and  then  above  this  place 
another  layer  of  cotton  of  the  same  thickness.     Upon  this  we  p9ur  our  portions 
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of  cheese  extract.  This  kind  of  filter  allows  rapid  filtration  without  the  aid 
of  a  pump,  and  is  as  effective  in  every  way  as  paper,  which  requires  half  a  day  or 
more  for  complete  filtration  of  500  cc  of  extract.  Several  samples  of  cheese  can  be 
extracted  at  the  same  time.  The  upper  layer  of  cotton  holds  all  solid  particles  and 
can  be  returned  to  the  flask  for  extraction  with  salt  solution. 

The  method  of  making  a  water  extract  of  cheese,  as  described  above,  insures  the 
complete  removal  of  all  waternaoluble  nitrogen  compounds  present  in  the  cheese 
without  danger  of  coagulating  any  soluble  proteids.  The  use  of  water  at  room  tem- 
peratures is  not,  in  our  experience,  equally  effective  in  making  a  complete  extrac- 
tion of  the  water-soluble  products.  Under  some  conditions,  as  in  the  early  stages 
of  ripening  cheese  at  low  temperatures,  small  amounts  of  a  body  are  extracted  by 
water  which  is  precipitated  by  heat  in  neutral  solution.  We  are  unable  to  say  at 
present  whether  this  body  consists  of  acid  salts  of  paracasein  or  of  hetero-caseose, 
which  are  practically  insoluble  in  water,  or  whether  it  is  some  other  compound. 
The  temperature  of  50°  C.  also  has  the  advantage  of  arresting  further  peptic  or  tryp- 
tic  action  during  the  extraction.  The  use  of  acids  in  extracting  cheese  is  to  be 
avoided,  since  a  small  amount  of  acid  will  not  only  precipitate  the  soluble  nuclein, 
but  may  form  salts  with  paracasein,  which  are  somewhat  soluble  in  a  slightly  acid 
solution;  the  amount  of  dissolved  paracasein  salts  under  such  circumstances  depends 
on  the  amount  of  acid  used  and  the  time  of  extraction. 

4.    DETERMINATION   OP  TOTAL   WATER-SOLUBLE  NITROGEN. 

For  the  determination  of  the  amount  of  total  water-soluble  nitrogen,  we  take  50  cc 
of  the  water  extract,  prepared  above,  equivalent  to  2.5  grams  of  cheese,  and  treat  it 
according  to  the  Kjeldahl  method  for  determining  nitrogen. 

5.    DETERMINATION   OF  NITROGEN  IN  THE  FORM   OP  .PARA NUCLEI N  (pSEUDONUCLEIN). 

To  100  cc  of  the  water  extract,  equivalent  to  5  grams  of  cheese,  we  add  5  cc  of  a  1  per 
cent  solution  of  hydrochloric  acid,  and  warm  the  mixture  on  the  water  bath  at  50  to 
55°  C.  until  complete  separation  takes  place,  as  shown  by  a  clear  supernatant  liquid. 
The  precipitate  is  filtered,  washed  with  water,  and  then,  with  the  filter  paper, 
treated  by  the  Kjeldahl  method  to  determine  the  amount  of  nitrogen.  The  nitrogen 
equals  nitrogen  present  in  the  form  of  paranudein  (pseudonuclein.) 

In  our  early  work  2  or  3  cc  of  a  saturated  alum  solution  were  used  for  this  deter- 
mination, for  the  reason  that  in  the  separation  of  casein  in  milk  we  had  used  this 
reagent  successfully;  but  at  the  time  the  nature  of  the  body  we  were  precipitating 
from  our  water  solution  of  cheese  was  not  known.  Later,  when  we  had  studied 
it  and  learned  its  character  it  was  found,  on  comparing  precipitations,  by  use  of 
alum  and  by  hydrochloric  acid  that  alum  gave  high  results,  undoubtedly  precipi- 
tating some  caseoses.  In  27  comparative  trials  with  water  extracts  of  different 
cheeses,  w^  found  in  the  alum  precipitate  nitrogen  varying  from  0.2  to  0.337  per  cent 
of  the  cheese  and  averaging  0.269  per  cent,  while  the  nitrogen  in  the  hydrochloric 
acid  precipitate  varied  from  0.046  to  0.145  per  cent  of  the  cheese  and  averaged  0.085 
per  cent.  The  nitrogen  precipitated  by  alum  in  these  27  cases  was  from  2.1  to  5.5 
times  as  much  as  that  precipitated  by  hydrochloric  acid,  the  average  of  all  being  3.2. 
Since  hydrochloric  acid  is  known  to  precipitate  paranudein  completely,  we  are  justi- 
fied in  assuming  that  the  alum  precipitates  other  compounds,  and  this  is  confirmed 
by  other  work,  showing  that  when  alum  is  used  as  the  first  precipitant  we  get 
smaller  quantities  of  caseoses  in  the  filtrate  than  we  do  when  we  use  hydrochloric 
acid  as  the  precipitant  of  paranudein.  Alum  appears  to  resemble  zinc  sulphate  as  a 
precipitant  of  proteids. 

Paranudein  (pseudonuclein)  results  from  the  breaking  down  of  casein  or  para- 
casein and  is  always  found  in  the  water  extracts  of  ripening  cheese,  whether  salted 
or  unsalted.     It  may,  perhaps,  be  regarded  more  accurately  as  a  residue  and  proba- 
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bly  should  not  be  counted  as  one  of  the  products  to  be  used  in  measuring  the  extent 
of  cheese  ripening.  This  is  undoubtedly  the  same  body  as  Chittenden's  dyspeptone,  ^ 
which  he  found  as  an  insc^uble  residue  in  a  pepsin-hydrochloric-acid  digestion  of 


6.    DETERMINATION  OF  NITROGEN  IN  THB  FORM    OF    PROTBIDS  COAGULABLE  BY  HKAT  IN 

NEUTRAL  SOLUTION. 

The  filtrate  from  the  preceding  determination  (5)  is  made  neutral  with  dilute 
caustic  potash,  using  phenolphthalein  as  an  indicator.  It  is  then  heated  at  the  tem- 
perature of  bojiing  water,  until  any  coagulum  that  forms  settles  completely,  leaving 
a  clear  supernatant  liquid.  The  precipitate  is  washed  with  water  and  its  nitrogen 
determined  by  the  Kjeldahl  method.  In  our  experience,  such  a  precipitate  -rarely 
occurs,  except  in  the  case  of  cheese  ripened  near  freezing  point  The  nature  of  this 
body  we  have  not  yet  investigated. 

7.  DETERMINATION  OF  NITROOEN   IN  THE  FORM   OF  CASE08ES    (aLBUMOSES). 

The  filtrate  from  the  preceding  determination  (6)  is  treated  with  1  cc  of  50  per 
cent  sulphuric  acid,  saturated  with  chemically  pure  zinc  sulphate  and  then  warmed 
to  about  70°  C.  until  the  caseoses  separate  completely  and  settle.  The  mixture  is 
allowed  to  cool  and  is  then  filtered.  If  filtered  hot,  there  will  occur  a  further  sepa- 
ration of  caseoses  in  the  filtrate  on  cooling.  The  precipitate  is  washed  with  a  satu- 
rated solution  of  zinc  sulphate  made  slightly  acid  with  sulphuric  acid.  The  nitrogen 
in  the  precipitate  is  determined  by  thS  Kjeldahl  method. 

For  the  determination  of  caseoses,  the  use  of  ammonium  sulphate  was  exclusively 
employed  until  Bomer  ^  proposed  the  use  of  zinc  sulphate,  which  possesses  a  distinct 
advantage  in  enabling  one  to  determine  nitrogen  directly  in  the  precipitate  or  filtrate. 
This  method  has  been  employed,  in  the  estimation  of  caseoses,  also  by  the  Wisconsin 
Agricultural  Experiment  Station.  In  the  present  state  of  our  knowledge  of  this  class 
of  compounds,  zinc  sulphate  must  be  regarded  as  the  most  available  reagent  for  their 
quantitative  separation. 

8.  DETERMINATION   OF  NITROGEN   IN  THE  FORM  OF  AMIDO-ACID  COMPOUNDS. 

The  amido-acid  compounds  are  determined  in  the  filtrate  from  the  precipitation  of 
peptones  (9).  For  the  removal  of  peptones  three  reagents  have  been  commonly 
used:  (1)  Tannin  and  sodium  chlorid,  (2)  phosphotungstic  acid  with  sulphuric  acid, 
and  (3)  bromin  with  hydrochloric  acid.  After  the  removal  of  peptones  the  filtrate 
contains  amido-acid  and  ammonia  compounds.  After  determining  the  amount  of 
total  nitrogen  in  this  filtrate  and  then  the  amount  of  nitrogen  present  in  the  form  of 
ammonia  (as  obtained  in  10,  p.  97),  we  subtract  tiie  amount  of  ammonia  nitrogen 
from  the  combined  amount  of  amido-acid  and  ammonia  nitrogen  and  thus  obtain  the 
amount  of  amido-acid  nitrogen.  In  the  following  section  (9)  we  describe  the  meth- 
ods involved  in  removing  peptones  by  the  different  reagents  and  the  efiiciency  of 
each  reagent 

9.    DETERMINATION  OF  NITROGEN   IN  THE  FORM  OF  PEPTONES. 

(i)  By  tannin  and  sodium  chlorid. 

We  place  100  cc  of  our  water  extract  of  cheese  in  a  250-cc  graduated  flask,  add  1 
gram  of  sodium  chlorid  and  a  solution  containing  12  per  cent  of  tannin  until  one 
drop  added  to  the  clear  supernatant  liquid  gives  no  further  precipitate.  We  then 
dilute  to  the  250-cc  mark,  shake,  filter  through  a  dry  filter,  and  determine  the 

aStudiesin  Physiol.  Chem.,  Yale  Univ.,  8:66  (1887-88). 
ftZeit  Analyt  Chem.,  5:562  (1895). 
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amoMet'  of  nitrogen  in  50  cc  of  the  filtrate  by  the  Kjeldahl  method ;  this  gives  us  the 
ainomit  of  nitrogen  in  the  form  of  amido-acid  and  ammonia  compounds.  The  amount 
of  nitrogen  in  the  form  of  peptones  is  determined  by  difference — that  is,  by  subtract- 
ing from  the  amount  of  total  nitrogen  in  the  water  extract  the  combined  sum  of  the 
amounts  of  nitrogen  found  in  5,  6,  7,  8,  and  10. 

The  combination  of  tannin  and  salt  han  been  settled  upon  by  us  as  the  most  fiitis- 
factory  for  the  separation  of  casein-derived  peptones  from  amido-acid  compounds  in 
milk  and  cheese  analysis,  when,  as  is  commonly  the  case,  w^e  have  large  amounts  of 
amido-acid  compounds  relative  to  peptones.  We  have  confirmed  Schjeming'so 
results  showing  that  this  reagent  does  not  precipitate  the  monoamido-acid  com- 
pounds, such  as  leucin,  tyrosin,  aspartic  acid,  glutamic  acid,  and  amidovaleric  acid, 
nor  does  it  precipitate  histidin,  arginin,  lysin,  cadaverin,  putrescin,  lysatin,  or  ammo- 
nia. In  our  work  the  tannin-salt  solution  has  nearly  as  great  a  precipitating  power 
as  phosphotungstic  acid,  precipitating  93.3  per  cent  of  the  total  nitrogen  compounds 
present  in  a  sample  of  fresh  milk;  in  a  study  of  ripened  cheese  it  precipitated  the 
uncrystallizable  end  products,  caseoses  and  peptones,  so  completely  that  no  further 
trouble  was  experienced  in  separating  the  crystallizable  end  products.  ^ 

It  is  well  to  record  here  the  fact  that  when  precipitation  of  peptones  with  tannin- 
salt  solution  is  attempted  in  a  mineral  acid  solution  no  precipitate  occurs;  it  is  only 
in  neutral  solution  that  more  complete  precipitation  takes  place.  . 

The  chief  objection  to  the  use  of  tannin-salt  solution  as  a  means  of  separating  case- 
oses and  peptones  from  amido-acid  compounds  and  ammonia  is  that  it  is  not  a  com- 
plete precipitant  of  peptones.  Hence,  when  the  reagent  for  this  separation  is  used 
we  commonly  leave  some  peptones  to  be  estftnated  as  amido-ai^id  compounds,  the 
amount  of  peptones  thus  being  made  smaller  and  the  amount  of  amido-acid  com- 
pounds larger  than  the  quantity  actually  present.  Under  the  discussion  of  the  use 
of  phosphotungstic  acid  as  a  reagent  for  separating  these  classes  of  nitrogen  com- 
pounds are  given  for  comparison  some  results  secured  by  each  of  the  two  reagents. 

(^)  By  phonphoiungstic  acid  ivith  mlphuric  add. 

In  a  260-cc  graduated  flask  we  place  100  cc  of  the  water  extract  of  cheese,  add  100 
cc  of  water  and  then  5  cc  of  strong  sulphuric  acid.  To  this  add  phosphotungstic 
acid  of  30  per  cent  strength  until  one  drop  gives  no  further  precipitation  in  the  clear 
supernatant  liquid.  Then  dilute  to  the  250-cc  mark  and  filter  through  a  dry  filter. 
In  50  vv  or  100  cc  of  this  filtrate  we  determine  the  amount  of  nitrogen  by  the  Kjel- 
dahl method,  and  then  the  amount  of  peptones  is  obtained  by  difference. 

Phosphotungstic  acid  has  come  into  very  general  use  in  this  country  and  in  Europe 
as  a  means  of  separating  peptones  from  amido-acid  compounds  in  work  with  cheese 
and  mil  k.  The  results  of  Stutzer  ^  and  of  Bondzynski  c  agree  in  showing  that  phospho- 
tungstiit  acid  is  a  complete  precipitant  of  casein,  caseoses,  and  peptones,  while  in 
their  experience  it  does  not  precipitate  the  aniido-acid  compounds  or  ammonia. 
Freudenreich  and  Jensen,  in  all  their  work,  even  of  recent  date,  have  used  this 
reagent  in  the  cold  as  a  means  of  separating  peptones  from  aniido-atdd  compounds. 
Babcock,  Russell,  and  Vivian,  in  this  country,  have  used  it,  aa  well  as  tannin,  desig- 
nating the  different  precipitates  as  **  peptones  by  phosphotungstic  acid"  and  "pep- 
tones by  tannin." 

In  the  introductory  portion  of  this  paper,  when  mentioning  different  cleavage 
pro<^lucts  of  casein,  we  included  among  them  the  hexon  bases,  viz,  arginin,  histidin, 
and  lysin;  and,  in  addition,  certain  comix>unds  resulting  from  their  cleavage,  such  as 
putrescin  and  cadaverin,  and  also  pyrrolidin-a-carbonic  acid,  all  of  which  are  pre- 
cipitated by  phosphotungstic  acid.     While  all  these  produt:t«  have  not  been  sepa- 
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feZeit.  f.  analyt.  Chem.,35: 1493(1896). 
<^Landw.  Jahrbuch  der  Schweiz  (1894). 


Digitized  by 


Google 


93 

rated  from  ripening  cheese,  it  is  probable  that  they  will  be  sooner  or  later.  We  shall 
soon  publish  results  of  work  done  in  this  laboratory  showing  in  normal  ripening 
cheese  the  presence  of  histidin,  lysin,  putrescin  (derived  from  arginin«),  and  Sieg- 
fried's lysatin,  which  is  also  precipitable  by  phosphotungstic  acid.  The  quantities 
of  these  bases  that  can  be  derived  from  casein  are  not  to  be  neglected,  siiMa^.for 
example,  in  a  hydrochloric-acid  cleavage  15.4  per  cent  of  the  nitrogen  of  the  ppoduols 
splits  off  into  the  hexon  bases.  Bondzynski  has  used  phosphotungstic  acid  in  hot 
solution  with  ai^ginin,  and  finds  the  precipitate  soluble  when  hot,  separating  out^n 
cooling;  and  this  statement  we  can  confirm,  the  solution,  however,  being  complete 
only  on  l)oiling.  In  the  case  of  lysin,  histidin,  and  putrescin  the  phosphotungstic- 
acid  precipitate  fails  to  redissolve  completely  at  the  temperature  of  the  water  bath 
or  on  boiling.  This  behavior  renders  worthless  the  use  of  phosphotungstic  acid  as  a 
reagent  for  the  separation  of  peptones  from  those  amido-acid  compounds  that  are 
precipitated  by  it. 

We  have  seen  that  tannin-salt  solution  fails  to  precipitate  peptones  completely, 
and  that  phosphotungstic  acid  precipitates,  in  addition  to  peptones,  some  amido-acid 
compounds.  When,  therefore,  we  use  these  two  reagents  in  precipitating  solutions 
that  contain  both  peptones  and  amido-acid  compounds,  as  in  the  case  of  normal- 
ripening  cheese,  we  should  expect  to  find  the  amount  of  nitrogen  compounds  left  in 
the  filtrate  less  with  phosphotungstic  acid  than  with  tannin.  This  is  found  invari- 
ably to  be  the  case.  Vivian  *  has  published  some  results  obtained  with  nine  different 
cheeses,  which  illustrate  this  point     We  give  his  figures  in  the  table  followinj?: 

Table  I. — Comparimnof  phosphotungstic  add  and  tannin-saU  solution  in  precipitating 
the  nitrogen  compounds  contained  in  water  extracts  of  cheese. 


Precipitating  agent  used. 

J 

Aver- 

1. 

2. 

3. 

4. 

5.    i     6.         7.  ,      8, 

9. 

age. 

Phosphotungstic  acid 

Tannin-salt  solution 

P.ct. 
1.0« 
1.54 

P.ct. 
1.00 
1.26 

P.d. 
0.82 
1.12 

P.d. 

0.63 

.65 

1                       ' 
P.d.  P.d.,  P.d.   P.d. 

0.67     1.69     0.95     1.10 

1.16     1.87  j  1.08  j  1.36 

P.d. 
1.22 
1.42 

P.d. 
1.02 
1.27 

In  connection  with  the  above  results  nothing  was  stated  in  regard  to  the  history 
of  the  cheeses  used  in  the  work.  We  have  studied  the  action  of  phasphotungstic 
acid  and  tannin-salt  solution  in  connection  with  samples  of  cheese  that  were  under 
known  well-controlled  conditions,  thus  learning  something  of  the  general  character 
of  the  proteolytic  changes  taking  place.  Twenty-five  grams  of  cheese  curd  were 
placed  in  each  of  several  Erlenmeyer  flasks,  50  cc  of  water  added,  and  the  contents 
sterilized  by  heat.  We  then  added  0.5  gram  of  concentrated  lactic  acid,  in  order  to 
convert  the  paracasein  into  unsaturated  paracasein  lactate.  ^  To  some  of  the  flasks 
thus  prepared  sterilized  pepsin  was  added,  and  to  others  sterilized  rennet  exti-act. 
For  this  purpose  the  enzyms  were  prepared  as  follows:  We  dissolved  600  milligrams 
of  Parke  Davis  &  Co. 's  aseptic  pepsin  in  25  cc  of  water,  added  0.5  per  cent  of  formalin 
(containing  40  per  cent  of  formaldehyde),  and  let  the  solution  stand  until  bacterio- 
logical examinations,  made  by  Mr.  H.  A.  Harding,  showed  the  absence  of  living 
organisms.  The  mixture  was  then  diluted  to  100  cc  with  water,  and  to  each  flask 
containing  cheese  we  added  10  cc  of  this  8terilized-pei)gin  solution.  One  thousand 
parts  of  the  mixture  in  each  flask  thus  contained  one  part  of  pepsin. 

In  preparing  the  sterilized  rennet  solution,  5  cc  of  Hansen's  rennet  extract  were 
diluted  to  25  cc  with  water,  0.5  per  cent  of  formalin  was  added,  the  completeness  of 
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sterilization  proved  by  bacteriological  examinations,  diluted  to  100  cc  and  10  cc  of 
this  preparation  added  to  each  flask  containing  cheese. 

The  flasks  thus  prepared  were  kept  at  15.5®  C.  The  analytical  results  given  below 
were  obtained  at  the  end  of  two  and  four  weeks.  In  this  work,  we  had  only  the 
enzyms  ol  pepsin  and  of  rennet  pepsin  acting  upon  our  proteid.  Under  these  con- 
ditions, especially  in  the  given  length  of  time,  we  should  not  expect  the  formattoii 
of  any  considerable  amount  of  amido-acid  compounds  precipi table  by  phosphotungstic 
acid.    The  results  obtained  are  given  in  the  following  table: 

Table  II. — Comparison  of  phosphotungstic  cuid  and  tannin-saU  soltUion  in  precipitating 
th€  nitrogen  compounds  formed  by  peptic  digestion  of  cheese. 


Numbered  samples. 

Precipitating  agent  used. 

1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

Aver- 
age. 

Phosphotungstic  acid 

Taonin-Balt  solution 

Ret. 

0.10 

.45 

P.ct. 

0.10 

.44 

P.ct. 

0.150 

.645 

P.ct. 

0.175 

.685 

P.ct. 

0.10 

.48 

P.ct. 

0.08 

.46 

P.ct. 

0.16 

.73 

P.ct. 

0.16 

.70 

P.ct. 
0.123 
.574 

In  every  case  except  one,  the  amount  of  nitrogen  not  precipitated  by  tannin-salt 
solution  was  more  than  four  times  the  amount  obtained  by  phosphotungstic  acid. 
No  ammonia  was  present  in  any  case.  In  view  of  these  widely  differing  results  in 
relation  to  the  amounts  of  amido-acid  compounds  found,  the  questions  may  be  asked: 
"  Which  reagent  more  nearly  represents  the  amount  of  amido  compounds  actually 
present?  Does  the  tannin-ealt  reagent  fail  to  precipitate  the  peptones  completely, 
thus  allowing  the  unprecipitated  peptones  to  be  counted  among  the  amido-acid  com- 
pounds? Or  does  the  amount  of  nitrogen  in  the  filtrate  in  case  of  this  reagent  really 
represent  amido-acid  compounds?  Does  the  phosphotungstic  acid  precipitate  some 
of  the  amido  compounds  simultaneously  with  the  peptones,  thus  cutting  out  a  part  of 
the  amido-acid  compounds  and  counting  that  part  among  the  peptones?  Or  is  there 
in  the  cheese  only  the  small  amount  of  end  products  indicated  by  the  action  of  the 
phosphotungstic  acid? ' ' 

While  we  did  not  by  individual  isolation  determine  to  what  extent  amido 
compounds  were  present,  we  are  justified  in  believing  that  such  compounds  were  not 
yet  present  in  the  cheese  in  any  appreciable  degree;  and,  hence,  the  figures  obtained 
with  phosphotungstic  acid  are  much  nearer  the  truth  than  those  obtained  by  tannin- 
salt  precipitation.  The  reasons  for  this  belief  are  as  follows:  The  amido  compounds 
precipitated  by  phosphotungstic  acid  are  known  to  be  chiefly  the  diamido  com- 
pounds, while  the  monoamido  compounds  are  precipitated  little,  if  at  all.  Hence, 
the  compounds  found  in  the  filtrate  of  a  phosphotungstic  acid  precipitation  are 
mainly  monoamido  compounds.  Now  let  us  assume  temporarily  that  the  amounts 
of  nitrogen  in  the  tannin-salt  filtrate,  given  in  the  table  above,  represent  the  total 
amido  compounds,  free  from  peptones;  then,  since  the  monoamido  compounds  are 
represented  by  the  amounts  of  nitrogen  obtained  in  the  phosphotungstic  acid  filtrate, 
the  difference  between  the  two  sets  of  figures— that  is,  those  obtained  by  tannin  salt 
solution  and  those  obtained  by  phosphotungstic  acid — represents  the  amount  of 
diamido  compounds.  Taking  the  average  of  the  results  given  in  the  table  above,  the 
nitrogen  of  the  total  amido  compounds  is  0.574  per  cent  of  the  cheese,  while  the  nitro- 
gen of  the  monoamido  compounds  is  0.128  per  cent  of  the  cheese,  thus  leaving  the 
difference  as  the  nitrogen  of  the  diamido  compounds,  equivalent  to  0.446  per  cent  of 
the  cheese.  According  to  these  figures,  the  monoamido  compounds  constitute  about 
22  "per  cent  of  the  entire  amount  of  amido  bodies,  while  the  remainder,  78  per  cent, 
represents  largely  diamido  compounds.  In  this  case,  the  ratio  of  monoamido  to 
diamido  compounds  is  as  I  to  3.5.    Keeping  these  data  in  mind,  we  will  call  attention 
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to  some  work  done  by  Hart  ^  in  studying  the  cleavage  end  products  formed  by  the 
action  of  hydrochloric  acid  on  casein.  He  found  that  the  diamido  compounds  formed 
less  than  20  per  cent  of  the  total  amido  compounds,  so  that  the  ratio  of  monoamido 
to  diamido  compounds  was  as  1  to  0.25  or  less;  in  other  words,  the  monoamido  com- 
pounds were  greatly  in  excess  of  the  diamido  compounds  or  just  the  reverse  of  what 
we  find  to  be  the  case  in  the  results  embodied  in  the  table  above,  based  on  the 
assumption  that  the  nitrogen  in  the  tannin-salt  filtrate  represents  the  total  amido 
compounds  and  nothing  more.  The  most  obvious  and  rational  explanation  of  this 
discrepancy  observed  in  the  ratio  of  monoamido  to  diamido  compounds  is  that  It  is 
wrong  to  assume  that  the  tannin-salt  filtrate  contains  only  amido  compounds  and  not 
any  peptones.  Withdrawing  that  assumption,  then,  and  allowing  that  the  nitrogen 
in  the  tannin-salt  filtrate  represents  some  peptones  as  well  aa  the  amido  compounds, 
how  can  we  tell  in  this  particular  case  the  true  amount  of  amido  compounds  in  the 
cheese?  Unquestionably  the  results  with  phosphotungstic  acid  more  nearly  represent 
the  truth  in  regard  to  the  amido  compounds,  because  under  the  conditions  of  the 
experiment  we  should  expect  very  small  amounts  of  amido  compounds,  if  any;  and 
in  this  particular  case  the  amounts  are  so  small  as  practically  to  indicate  the  absence 
of  amido  bodies  altogether.  From  this  it  may  be  seen  that  it  is  possible  for  the  tan- 
nin-salt reagent  to  give  results  that  are  decidedly  misleading. 

(3)  By  bromin  wUh  hydrochloric  cmd. 

To  the  filtrate  from  the  zinc  sulphate  precipitate  (7)  we  add  2  or  3  drops  of  strong 
hydrochloric  acid  and  then  bromin  until  the  liquid  becomes  saturated  and  there 
remains  after  vigorous  agitation  an  undissolved  globule  of  bromin,  amounting  to  0.5 
cc  to  1  cc.  This  is  allowed  to  stand  over  night.  The  precipitate  is  then  filtered  and 
washed  with  bromin-saturated  water.  The  nitrogen  in  the  precipitate  is  then  deter- 
mined by  the  Kjeldahl  method  and  is  called  nitrogen  in  the  form  of  peptones,  the 
filtrate  containing  the  amido-acid  compounds  and  ammonia. 

The  use  of  chlorin  by  Rideal  and  Stewart  ^  in  precipitating  proteids  suggested  to 
Allen  and  Searle  ^  the  use  of  bromin.  They  reported  that  bromin  quantitatively  pre- 
cipitates the  products  formed  by  the  peptic  digestion  of  egg  albumin  and  they  devel- 
oped the  method  practically  as  given  above.  As  applied  to  the  separation  of  peptones 
from  amido-acid  compounds  in  cheese  and  milk,  the  method  gives  varying  results, 
depending"  upon  the  age  of  the  cheese  or  milk  used. 

In  the  case  of  our  water  extracts  made  from  cheese  nine  months  to  a  year  old,  crystal- 
line bodies  in  noticeable  quantities  are  precipitated  by  bromin  along  with  peptones, 
owing  probably  to  the  presence  of  tyrosin,  giving  the  solution  a  turbid  appearance 
and  rendering  filtration  difficult.  Schjeming  ^  has  shown  that  tyrosin  behaves  in 
this  manner  with  bromin  water.  This  precipitate  is  partly  retained  on  the  filter 
paper  and  is  estimated  as  peptone. 

Schjeming  has  shown  also  that  bromin  does  not  completely  precipitate  milk  pro- 
teids and  their  derived  caseoses  and  peptones.  Of  the  whole  proteid  he  obtained 
only  76.7  percent  by  bromin.  In  the  case. of  milk  we  have  obtained  results  varying 
with  the  age  of  the  milk.  In  perfectly  fresh  milk,  when  the  amount  of  amido  com- 
pounds must  have  been  least,  we  obtained  91.3  per  cent  of  the  entire  milk  proteids 
by  bromin  precipitation.  In  another  case  of  fresh  milk  we  compared  the  precipi- 
tation of  proteids  by  bromin  and  hydrochloric  acid  with  that  by  tannin  and  sodium 
chlorid  and  by  solution  of  phosphotungstic  acid  and  sulphuric  acid,  with  the  follow- 
ing results:    There  was  precipitated — 

By  phosphotungstic  and  sulphuric  acids,  93.8  per  cent  of  the  total  nitrogen. 

By  tannin  and  sodium  chlorid,  93.3  per  cent  of  the  total  nitro^n. 

By  bromin  and  hydrochloric  add,  91.5  per  cent  of  the  total  nitrogen. 

a  Zeit.  f .  Physiol.  Chem. ,  88: 347  ( 1901 ) .         «  Analyst,  22: 259  ( 1 897) . 

ft  Analyst,  22:228  (1897).  ^'Zeit.  f.  Anal.  Chem.,  89:545  (1900). 
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There  is  also  a  possible  source  of  error  in  connection  with  the  use  of  bromin  in 
precipitating  peptones  When  the  filtrate  from  the  bromin  precipitate  is  used  directly 
for  the  determination  of  amido-acid  compounds.  We  have  found  in  the  case  of 
water  extracts  from  cheese  over  one  year  old  that  there  is  an  actual  loss  of  nitro^n 
when  bromin  is  allowed  to  stand  in  contact  with  the  water  extract.  In  the  case  of  one 
cheese  two  years  old,  the  cheese  extract,  consisting  of  caseoses,  peptones,  and  amido- 
acid  compounds,  contained  nitrogen  equivalent  to  2.74  per  cent  of  the  cheese  before 
adding  bromin,  while,  after  standing  one  hour  in  contact  with  bromin  in  hydro- 
chloric-atnd  solution,  there  remained  only  1.52  per  cent  of  nitrogen;  in  other  words, 
there  had  disappeared  44.6  per  cent  of  the  nitrogen  present  before  the  addition  of 
bromin.  In  cheese  one  year  old  we  have  found  the  loss  varying  from  nothing  in 
one  case  to  over  5  per  cent  in  others.  To  show  whether  or  not  this  loss  came  from 
the  action  of  bromin  on  the  caeeoses  or  peptones  we  removed  the  caseoses  with  zinc 
sulphate,  and  in  another  sample  of  cheese  extract  we  removed  the  caseoses  and  pep- 
tones with  phosphotungstic  acid,  and  the  loss  still  occurred.  By  passing  a  current  of 
air  through  the  above  extract  in  contact  with  bromin  and  then  through  potassium 
hydroxid  and  through  sulphuric  acid,  these  reagents  were  found  free  from  nitrogen 
compounds,  indicating  that  the  lost  nitrogen  disappeared  in  the  form  of  free  nitrogen 
and  not  in  the  form  of  ammonia  or  nitrogen  oxids.  We  can  not  regard  the  method 
of  determining  the  amount  of  peptones  in  cheese  extracts  by  means  of  bromin  as  a 
reliable  method,  because  (1)  bromin  precipitates  small  amounts  of  tyrdsin  and  per- 
haps certain  other  similar  compounds;  (2)  it  is  not  a  complete  precipitant  of  case- 
oses and  peptones;  and  (3)  its  filtrate  can  not  bo  used  for  the  determination  of 
amido-acid  compounds,  especially  in  old  cheeses,  owing  to  the  decomposing  effect  of 
bromin  upon  such  compounds,  setting  nitrogen  free.  In  addition,  bromin  is  a  most 
disagreeable  reagent  to  handle. 

{4')  Comjxiralive  value  of  different  reagents  u^d  iiv  separating  peptones  and  amido-^idd 

compounds. 

We  have  now  considered  in  some  detail  each  of  the  three  reagents  most  commonly 
used  in  separating  peptones  from  amido-acid  compounds,  viz:  (1)  Tannin-salt  solu- 
tion, (2)  phosphotungstic  acid  with  sulphuric  acid,  and  (3)  bromin  with  hydro- 
chloric a<-id.  Tannin-salt  solution  fails  as  a  perfect  reagent  for  the  separation,  because 
it  does  not  completely  precipitate  peptones,  which  results  in  making  the  quantitative 
results  for  amido-acid  compounds  too  high  and  may  indicate  the  presence  of  consid- 
erable quantities  of  amido  compounds  even  when  they  are  practically  absent.  Phos- 
photungstic acid,  on  the  other  hand,  completely  precipitates  peptones,  but  also  pre- 
cipitates some  of  the  amido-acid  compounds  that  are  present  in  cheese  and  milk, 
and  the  consequence  is  that  the  amount  of  amido-acid  compounds  found  is  too  low. 
Bromin  is  open  to  both  objections— it  fails  to  precipitate  peptones  completely  and  at 
the  same  time  does  precipitate  some  of  the  amido-acid  compounds.  While  these 
two  sources  of  error  might  tend  to  offset  each  other  under  certain  conditions,  we  can 
not  depend  uj)on  such  a  method  for  reliable  quantitative  results. 

In  our  judgment,  it  is  desirable,  for  best  results,  to  use  phosphotungstic  acid  to 
sejmrate  peptones  and  amido-acid  compounds  when  the  amount  of  amido-acid  com- 
pounds is  relatively  small  as  compared  with  peptones  or  when  they  consist  mostly 
of  monoamido  compounds.  This  condition  occurs  in  the  early  stages  of  cheese 
ripening  and  i)ersists  longer  in  cheese  cured  at  low  temiMjratures;  it  occurs  also  in  milk 
and  cheese  acted  upon  by  pepsin  enzyms,  esi)ecially  in  the  presence  of  chloroform. 

Tannin-salt  solution  can  be  relied  upon  to  give  better  results  than  phosphotimgstic 
acid  when  amido-acid  comi)ounds  are  present  in  proportions  that  are  relatively  large 
compared  with  i)eptone8  or  when  they  consint  largely  of  diamido  coniiwunds.  The 
former  condition  prevails  in  normal  cheese  cured  under  usual  conditions,  especially 
after  the  first  few  weeks  of  curing. 
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10.    DETBRMINATION  OF  NITROGEN   IN  THE  FORM   OF  AMMONIA. 

Distill  with  magnesium  oxid  100  cc  of  the  filtrate  from  the  tannin-salt  precipitation, 
passing  the  distillate  into  a  standardized  acid  and  titrating  in  the  usual  way.  In  our 
early  work  the  cheese  mass  itself,  suspended  in  water,  was  used  for  distillation,  giv- 
ing slightly  higher  results  than  the  method  just  described.  The  small  increase  is 
generally  accounted  for  as  coming  from  the  proteids  themselves  present  in  the  solu- 
tion. Theoretically  it  is  true  that  when  such  bases  are  present  as  putrescin  and 
cadaverin  they  might  distill  with  the  ammonia.  In  one  case,  where  a  large  quantity 
of  cheese  was  subjected  directly  to  distillation  with  magnesium  oxid  and  the  distil- 
late examined  for  these  bases,  none  was  found,  the  distillate  consisting  entirely  of  the 
ammonia  salt.  The  high  boiling  points  of  cadaverin  and  putrescin  and  the  conse- 
quent difficulty  of  distilling  them  with  steam  probably  accounts  for  their  absence  in 
the  distillate. 

In  our  early  work  on  the  determination  of  ammonia  in  milk  and  cheese  we  sub- 
jected to  distillation  with  magnesium  oxid  and  with  barium  carbonate  many  different 
amido  compounds  in  order  to  ascertain  if  any  of  these  bodies  when  pure  could  split 
off  basic  nitrogen.  While  some  of  the  products  used  in  our  work  are  not  at  all  likely 
to  be  found  in  cheese  or  milk,  we  include  them  with  the  others  in  the  list  given  below. 
The  method  was  carried  out  as  follows:  Dissolve  1  gram  of  each  amido  botly,  or  if 
insoluble,  suspend  it  in  50  cc  of  water,  and  for  distillation  use  10  cc  of  this  mixture 
diluted  to  150  cc,  adding  magnesium  oxid  or  barium  carbonate  and  using  ordinary 
atmospheric  pressure. 

Amido  bodies  used  were— 
Acetamid.  Diphenylamin.  Phenylenediamin. 

Allantoin.a  Glutamic  acid.  Trimethylamin. 

Arginin.  Glycocoll.  Tyrosin. 

Aspartic  acid.  Histidin.  Uric  acid. 

Creatin.  Leucin.  Xanthin. 

Creatinin.  Lysin. 

The  result  of  this  work  was  that  nothing  was  distilled  over  with  either  magnesium 
oxid  or  barium  carbonate  in  any  case  except  that  of  trimethylamin,  the  nitrogen  of 
which  was  all  obtained  in  the  distillate  with  both  regents. 

We  have  also  used  the  excellent  Nencki  apparatus,  distilling  under  reduced  pres- 
sure the  filtrate  from  the  tannin-salt  precipitation.  In  comparative  trials  we  have 
obtained  no  lower  results  than  when  we  distill  under  ordinary  atmospheric  pressure. 

11.    DETERMINATION  OF  NITROGEN  IN  THE  FORM  OF  UNSATURATED  PARACASEIN  LACTATE. 

The  residue  insoluble  in  water  is  treated  with  several  portions  of  a  5  jjer  cent  solu- 
tion of  sodium  chlorid,  the  process  being  carried  out  as  in  preT)aring  the  water 
extract  (3,  p.  89).  The  nitrogen  in  an  aliquot  part  of  the  500  cc  of  this  salt  extract 
is  determined  by  the  Kjeldahl  method. 

II.  Methods  for  the  Separation  and  Estimation  of  the  Nitro(;en  Compounds 
OF  Milk  and  their  Proteolytic  Products. 

We  will  briefly  describe  the  methods  used  for  the  separation  and  estimation  of  the 
nitrogen  compounds  of  milk  and  their  proteolytic  products  in  the  following  order: 

1.  Determination  of  total  nitrogen  in  milk. 

2.  Determination  of  nitrogen  in  the  form  of  casein. 

3.  Determination  of  nitrogen  in  the  form  of  albumin  and  syntonin. 

4.  Determination  of  nitrogen  in  the  form  of  caseoses. 

5.  Determination  of  nitrogen  in  the  form  of  amido-acid  compounds. 

6.  Determination  of  nitrogen  in  the  form  of  peptones. 

7.  Determination  of  nitrogen  in  the  form  of  ammonia. 

aZeit.  f.  Physiol.  Chem.  34:  145  (1901). 
172«1— No.  73—03 7 
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1.    DETERMINATION  OF  TOTAL  NITROGEN  IN   MILK. 

Weigh  about  5  grams  of  milk  and  determine  the  nitrogen  by  the  Kjeldahl  method. 

2.    DETERMINATION  OP  CASEIN. 

To  about  10  grams  of  milk  add  90  cc  of  water  at  104  to  lbS°  F.  (40  to  42®  C. )  and 
then  1.5  cc  of  10  per  cent  acetic  acid.  Agitate  and  warm  at  the  temperature  given 
above  until  a  flocculent  precipitate  separates,  leaving  a  clear  supernatant  liquid. 
Filter,  wash,  and  treat  by  the  Kjeldahl  method  for  estimating  nitrogen. 

In  fresh  milk,  2  or  3  cc  of  a  saturated  solution  of  alum  may  be  used  in  place  of 
acetic  acid,  usually  with  little  higher  results.  But  when  the  milk  casein  has  been 
proteolyzed  to  any  extent,  the  use  of  alum  is  not  permissible,  since  it  precipitates 
caseoses  in  addition  to  casein. 

The  use  of  acetic  or  any  other  acid  in  precipitating  casein  in  milk,  whose  casein 
has  been  digested  in  any  degree,  precipitates,  in  addition  to  casein,  any  paranuclein 
that  is  present.  We  have  not  yet  succeeded  in  devising  satisfactory  methods  for  the 
separation  of  these  two  compounds. 

3.    DETERMINATION   OP  NITROGEN    IN  THE  PORM  OF  ALBUMIN  AND  SYNTONIN. 

The  filtrate  from  2  is  neutralized  by  caustic  alkali,  using  phenolphthalein  as  indi- 
cator, and  is  then  heated  at  the  temperature  of  boiling  water  until  the  precipitate 
completely  separates  and  settles.  The  precipitate  is  then  filtered,  washed,  and 
treated  by  the  Kjeldahl  method. 

4.    DETERMINATION   OP   NITROGEN   IN  THE   FORM   OP  CASEOSES. 

The  filtrate  from  3  is  heated  to  70°  C,  1  cc  of  50  per  cent  sulphuric  acid  is  added 
and  then  chemically  pure  zinc  sulphate  to  saturation.  Let  stand  at  the  temperature 
indicated  until  the  caseoses  completely  separate  and  settle.  Then  cool  the  mixture, 
filter,  wash  with  a  saturated  solution  of  zinc  sulphate  made  slightly  acid  with  sul- 
phuric acid,  and  treat  the  precipitate  by  the  Kjeldahl  method. 

5.    DETERMINATION   OP   NFTROGEN   IN  THE   FORM   OF  AMIDO-ACID   COMPOUNDS. 

Treat  about  50  grams  of  milk  with  a  tannin-salt  solution  or  with  phosphotungstic 
acid  according  to  directions  given  under  8,  p.  91. 

6.  DETERMINATION  OF  NITROGEN   IN  THE   FORM   OP   PEPTONES. 

From  the  total  nitrogen,  subtract  that  found  in  all  forms  other  than  that  of  pep- 
tones, as  indicated  under  9,  p.  91. 

7.  DETERMINATION  OF  NITROGEN   IN  THE  FORM   OF  AMMONIA. 

See  under  10,  p.  97. 

III.  Determination  op  Chloroform. 

When  chloroform  is  used  as  an  antiseptic  in  milk  and  cheese  it  is  very  essential  to 
know  approximately  the  amount  present,  in  order  that  we  may  have  a  proper  con- 
trol of  conditions.  We  have  used  the  following  method  successfully:  Place  5  grams 
of  milk  or  cheese  in  a  pressure  bottle  with  about  100  cc  of  alcohol  and  5  grams  of 
cauHtic  potash.  The  bottle  is  then  heated  in  an  autoclave  for  half  an  hour  at  110°  C. 
The  resulting  chlorid  is  determined  by  titration,  as  for  chlorin  in  sodium  chlorid. 

Recommendation. 

It  is  recommended  that  the  methods  presented  above  be  adopted  as  provisional 
metho<ls  under  the  head  of  dairy  products. 
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Mr.  BiGELOW.  I  would  like  to  ask  if  the  referee  has  tried  precipi- 
tating with  bromin  in  the  presence  of  zinc  sulphate.  Some  time  ago 
we  examined  meat  extracts  by  dividing  the  tiltrate  from  the  proteoses 
(coagulated  by  neutralization  and  boiling)  into  several  portions,  and 
precipitated  one  portion  with  bromin  and  another  with  zinc  sulphate. 
It  was  expected  that  bromin  would  precipitate  both  proteoses  and  pep- 
tones, whereas  zinc  sulphate  would  not  precipitate  peptones.  Mr.  Tres- 
cot,  who  was  doing  this  work,  was  very  much  surprised  to  find  that 
the  zinc  sulphate  precipitate  was  greater  than  the  bromin  precipitate. 

The  President.  If  there  is  no  objection  on  the  part  of  the  asso- 
ciation I  would  like  to  introduce  the  president  of  the  Columbian 
University. 

ADDSESS  BT  PSESIDElSrT  NEEDHAM  00L1TMBIAN  MIVEBSITT. 

Mr.  President  and  Gentlemen  op  the  Association:  It  would  be  the  height  of 
presumption  for  me  to  undertake  to  discuss  any  of  the  matters  which  this  distin- 
guished body  of  chemists  is  considering.  I  belong  to  another  profession,  and  in 
these  days  one  profession  is  quite  enough  for  one  man.  I  come  to  extend  my  con- 
gratulations upon  this  large  and  representative  gathering  of  your  association;  to  wel- 
come you  on  behalf  of  Columbian  University  to  this  building,  and  to  offer  you  all  the 
accommodations  and  facilities  at  our  disposal  for  your  meetings.  We  are  honored 
and  delighted  to  have  scientific  men  come  here  and  discuss  in  public  meetings  the 
progress  and  results  of  their  work;  it  is  one  of  the  great  features  of  Washington  life 
and  is  due  in  a  great  measure  to  the  fact  that  we  have  so  many  eminent  scientific 
men  here  engaged  in  professional  work.  The  number  employed  by  the  Government 
is  little  known.  I  was  much  interested  in  a  statement  made  to  me  by  an  ofiicial  at 
the  time  Mr.  Cam^e  made  his  noble  gift  to  found  in  this  city  an  institution  for 
original  research.  I  said  to  this  gentleman,  '^What  a  great  sum  of  money  Mr. 
Carnegie  has  given  to  scientific  work."  And  he  replied,  **  Yes,  ten  millions  is  a 
large  sum,  but  do  you  know  what  the  Government  of  the  United  States  is  doing  for 
science?"  I  replied  that  I  did  not.  And  then  he  told  me  that  the  amount  of 
money  expended  annually  by  the  Government  for  scientific  work  represented  an 
annual  interest  of  2}  per  cent  upon  $200,000,000. 

1  have  been  desirous  to  secure  the  services  of  some  eminent  men,  who  are  in  larger 
and  older  institutions,  for  this  university,  and  feared  that  they  could  not  be  induced 
to  come  for  the  reason  that  they  would  have  to  leave  the  association  and  intellectual 
atmosphere  of  the  older  universities,  but  I  was  pleased  to  be  told  by  a  most  distin- 
guished educator  that  this  would  not  prevent  their  coming — ^'Because,"  he  said, 
*'  you  have  so  many  distinguished  scientific  men  in  the  Departments  of  the  Govern^ 
ment  among  whom  they  would  find  association  in  the  city  if  it  were  not  found  to  a 
sufiieient  degree  in  the  university." 

A  few  years  ago  I  was  crossing  the  Atlantic,  homeward  bound,  and  saw  among 
the  passengers  three  very  distinguished  looking  men.  They  were  always  together, 
and  much  absorbed  in  earnest  conversation.  I  overheard  them  speaking  of  their 
"profession"  with  great  respect  and  veneration.  I  thought  they  must  be  clergy- 
men. I  learned  that  two  of  them' were  from  a  German  and  one  from  an  English 
university,  and  their  **  profession  "  was  chemistry.  It  was  then  something  new  for 
nie  to  hear  chemistry  spoken  of  in  such  exalted  terms  as  a  profession.  It  impressed 
me,  and  set  me  to  thinking.  I  recalled  that  the  greatest  service,  and,  therefore,  the 
greatest  nobility,  lies  along  the  path  of  discovering  the  elements  and  forces  of  nature; 
the  way  in  which  these  forces  may  be  made  serviceable  to  man;  in  short,  discover- 
ing the  laws  of  nature.    It  has  been  said  that  the  great  object  of  education  should 
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be  to  acquire  the  knowledge  of  some  one  thing,  and  hold  it  with  such  a  grip  as  to 
make  it  of  practical  value  to  mankind.  We  are  passing  away  from  the  old  thought 
that  only  the  mysterious  is  divine,  to  the  broader  and  better  thought  that  an 
understanding  of  the  laws  of  nature  is  also  a  revelation  of  the  divine  thought.  There 
can  be  no  higher  or  nobler  calling  than  that  in  which  men,  enthusiastic  with  a 
desire  to  know  the  truth,  are  seeking  and  unfolding  a  knowledge  of  the  uses  and 
laws  of  matter.  When  we  look  about  and  undertake  to  enumerate  the  things  which 
science  is  doing  for  the  good  of  man,  we  must  be  profoundly  impressed  with  the 
fact  that  if  these  results  could  be  withdrawn  the  world  would  be  deprived  of  its 
richest  treasures.  No  greater  service  has  been  rendered  to  this  great  land  in  the 
development  of  its  almost  boundless  natural  resources  than  by  the  scientists  of 
America.  They  have  purified  the  foods  that  nourish  us;  they  have  multiplied  and 
cheapened  the  products  of  the  mines  and  the  factories;  made  the  fields  yield  larger 
and  richer  harvests;  and  made  the  desert  **  to  blossom  as  the  rose." 

I  welcome  you  here,  and  congratulate  you  upon  the  dignity  of  your  labors,  the 
nobility  of  your  calling,  and  the  splendid  achievements  of  your  profession. 

The  President.  I  am  sure  that  I  express  the  feeling  of  every  mem- 
ber of  the  association  in  thanking  Mr.  Needham  most  cordially  for  his 
appreciative  and  inspiriting  words. 

If  there  are  no  other  papers  to  be  read  on  the  separation  of  nitrog- 
enous compounds  we  will  proceed  to  the  discussion  of  the  subject. 

Mr.  Van  Slyke.  In  discussing  the  matter  from  the  standpoint  of 
the  paper  read  this  morning  it  should  be  remembered  that  while  some 
general  methods  may  be  applied  to  the  nitrogen  compounds  obtained 
from  different  sources,  as  from  meat  and  vegetables,  we  can  not  expect 
that  one  man  can  go  to  work  and  apply  the  same  method  in  a  whole- 
sale way  to  each  of  these  different  groups  of  compounds,  until  we  know 
something  more  in  detail  concerning  the  individual  compounds  and 
their  chemistry.  So,  while  from  personal  reasons,  and  on  account 
of  the  character  of  the  investigation  we  are  carrying  on  we  have  given 
attention  exclusively  to  this  side  of  it,  we  do  not  mean  to  imply  that 
these  methods  have  a  general  application.  The  same  kind  of  work 
must  be  done  for  each  class  of  compounds,  and  we  are  liable  to  fall 
short  in  our  appreciation  of  the  enormous  amount  of  work  involved 
and  of  the  great  number  of  compounds  with  which  we  have  to  deal. 
I  do  not  offer  this  as  an  apology  for  the  work  which  we  have  done,  but 
simply  as  an  explanation  of  the  paper  presented  and  the  large  amount 
of  work  which  remains  to  be  accomplished. 

The  President.  I  am  sure  every  member  of  the  association  appre- 
ciates the  character  of  the  work  which  Mr.  Van  Slyke  and  Mr.  Hart 
have  done,  and  we  know  that  one  man  can  not  be  expected  to  cover 
the  field.  It  might  be  possible  to  associate  the  best  experts  in  the 
country  with  the  work  in  connection  with  meat  extracts  and  cheese 
and  vegetable  products.  This  would  seem  to  be  a  matter  worthy  of 
consideration. 

If  there  is  no  further  discussion  on  this  question,  we  will  hear  the 
report  on  soils. 
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SEPOBT  as  SOILS. 
By  F.  P.  Veitch,  Referee. 

Your  referee  did  not  know  until  the  receipt  of  Dr.  Wiley's  notification  in  March 
that  he  had  to  serve  in  this  capacity.  Upon  receipt  of  this  notice,  samples  were  solic- 
ited and  the  following  circular  letter  requesting  cooperation  and  outlining  the  work 
was  sent  to  the  chemists  of  all  the  stations  and  of  the  U.  S.  Department  of  Agriculture. 
Only  eight  promised  to  cooperate  in  any  part  of  the  work. 

Outline  of  Proposed  Work  on  Soil  Samples  for  1902. 

Dear  Sir:  Below  you  will  find  an  outline  of  the  proposed  work  on  soils  for  this  year. 
The  work  is  divided  into  three  parts,  one  or  more  of  which  you  are  asked  to  take  up, 
notifying  the  referee  of  your  selection. 

( 1 )  The  determination  of  available  phosphoric  acid. 

{2)  The  determination  of  available  potash. 

(3)  The  analyses  of  alkali  soils  and  crusts. 

The  samples  for  the  first  two  lines  of  work  have  been  selected  very  carefully  from 
the  permanent  fertilizer  plats  of  several  of  the  experiment  stations  and  represent  soils 
differing  greatly  in  physical  as  well  as  chemical  conditions. 

The  methods  with  which  it  seems  most  desirable  to  work  are  indicated  under  each 
beading.  At  the  same  time  the  referee  would  be  pleased  to  have  comparative  results 
by  other  methods,  for  which,  of  course,  full  credit  will  be  given. 

As  it  is  not  probable  that  one  worker  wilj  be  able  to  assist  in  all  the  work  outlined, 
each  is  asked  to  select  the  line  or  lines  which  he  feels  he  can  undertake,  and  notify 
the  referee,  who  will  forward  appropriate  samples. 

It  is  hoped  that  three  or  four  carenil  workers  will  make  determinations  of  available 
plant  food  by  the  N/200  HCl  method  and  that  others  will  make  determinations  by 
the  N/5  HCl  method. 

The  referee  would  urge  upon  the  members  of  the  association  the  desirablity  of  a 
more  hearty  cooperation  in  the  study  of  methods  for  soil  investigations,  and  to  this 
end  he  would  suggest  to  those  holding  professorships  in  their  respective  State  colleges 
the  suitability  ofthis  line  of  investigation  for  a  portion  of  the  work  required  for  the 
Master's  d^^ree. 

Determination  of  moisture  is  to  be  made  by  the  official  method,  Bureau  of  Chem- 
istry, Bulletin  No.  46,  revised,  page  71.     Calculate  all  results  to  a  free-water  basis. 

1.  Determination  of  available  phospJioric  acid. 

(It  is  asked  that  in  work  on  this  subject  preference  be  given  the  N/200  HCl 
method. ) 

(a)  By  the  N/200  HCl  method  (Jour.  Am.  Chem.  Soc.,  24,  p.  79). 

(1)  Follow  the  method  strictly  as  given,  except  do  not  correct  for  basicity  of 
sample. 

(2)  Uniform  temperature  (40°  C.)  and  agitation  must  be  secured.  Use  Wagner 
machine. 

(3)  Results  should  be  corrected  by  blanks  used  on  reagents. 
(6)  By  the  N/5  HCl  method  (Bulletin  No.  46,  revised,  p.  74). 

(1)  Uniform  temperature  (40°  C.)  and  agitation  must  be  secured.  Use  Wagner 
machine. 

2.  DetermincUion  of  available  potash. 

(6)  By  the  N/200  Ha  method. 

(1)  Prepare  solution  as  for  the  determination  of  phosphoric  acid. 

(2)  Results  should  be  corrected  by  blanks  on  reagents, 
(c)  By  tl..-  N/5  Ha  method. 

(1)  Use  a  portion  of  the  solution  secured  for  phosphoric  acid  determination. 

(2)  Correct  results  by  using  blank  on  reagents. 

3.  Analysis  of  alkali  soils  and  crusts. 

By  direction  of  the  association  the  methods  of  alkali  analyses  as  carrie<l  out  in  the 
Bureau  of  Soils,  United  States  Department  of  Agriculture,  were  referred  to  the 
referee  for  study  and  report. 
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For  this  work  no  samples  will  be  furnished  by  the  referee,  but  those  interested  in 
this  line  of  work  are  requested  to  give  these  methods  a  trial  and  to  sug^^est  such 
modifications  as  experience  shows  will  improve  them.  For  these  methods  see 
Bulletin.No.  18,  Division  of  Soils,  page  65. 

As  the  result  of  some  preliminaiy  study  the  referee  would  suggest,  for  the  consid- 
eration of  those  interested,  the  following  modifications  of  the  methodis: 

(a)  Under  **  Preparation  of  solution,''  page  67,  in  place  of  treating  50  grams  of  soil 
with  a  liter  of  water  in  the  large  beaker,  the  referee  suggests  that  10  grams  be  placed 
in  a  liter  fiask,  or  5  grams  in  a  half-liter  flask,  made  up  to  volume,  shaken  frequently, 
and  allowed  to  stand  overnight. 

(b)  For  standard  solution  of  acid  potassium  sulphate  use  N/10  sulphuric  acid. 
(North  and  Lee  find  that  strictly  theoretical  results  are  obtained  when  the  point  of 
the  burette  is  below  the  surface  of  the  liquid  being  titrated;  also  that  the  presence  of 
about  one-half  gram  sodium  chlorid  in  the  volume  titrated  introduces  no  appreciable 
error.— Jour.  Soc.  Chem.  Ind.,  No.  5,  XXI,  p.  322,  1901.) 

(c)  As  indicators  in  dark  solutions,  compare  methyl  orange  and  Congo  red. 

(d)  On  page  70,  line  26,  for  ** several  drops  of  a  solution  oi  phenolphthalein  "  read 
"1  cc  of  a  1  per  cent  solution  of  phenolphtnalein." 

(e)  On  page  72,  line  26,  for  "one  drop"  read  "three  drops." 

(/)  As  tne  estimation  of  the  bases  begins  with  lime,  a  word  of  caution  should  be 
given.     Before  adding  ammonium  oxalate,  add  ammonia  in  slight  excess;  and  if  a 
precipitate  forms,  boil,  filter,  and  proceed  as  usual.     This  is  necessary  in  soils  or  crusts 
containing  large  amounts  of  carbonates,  which,  of  course,  dissolve  some  alumina. 
All  results  must  be  in  the  hands  of  the  referee  by  October  1,  1902. 
Please  notify  the  referee  promptly  whether  or  not  you  can  cooperate  in  this  work. 
Yours,  very  truly, 

F.  P.  Veitch,  Referee  on  Sails, 

U.  S.  Department  of  A(3riculture,  Bureau  of  Soils, 

Washington,  D,  C,  May  1,  190fS. 

The  Samples. 

In  soliciting  samples  for  the  work  the  referee  has  aimed  to  get  soils  whose  crop 
and  fertilizer  history  is  known  accurately  for  a  number  of  years,  and  which  will  be 
representative  of  different  kinds  of  soils.  In  view  of  the  fact  that  so  few  cooperate 
in  this  work,  it  has  also  appeared  desirable  so  to  select  such  samples  that  soil  from 
these  same  plats  may  l)e  used  in  the  future  for  the  association  work,  if  it  appears 
desirable.  The  referee  believes  that  more  will  be  accomplished  by  testing  various 
methods  on  a  series  of  known  soils  than  by  trying  them  on  new  samples  each  year, 
as  it  will  then  be  possible  to  compare  the  results  of  many  workers  by  several  methods 
on  known  soils. 

The  history  of  the  plats  before  the  experiments  were  started  is  given  in  the  text 
under  the  respective  sample  numbers.  The  crop  history  since  the  beginning  of  the 
experiment  now  l^eing  conducted  on  these  plats  is  summarized  in  Table  III.  In  all 
cases  where  it  is  possible  the  referee  has  calculated  the  effect  of  an  essential  plant 
food  by  subtracting  the  yield  of  the  plats  to  which  all  but  this  particular  plant  food 
was  applied  from  the  yields  of  the  plats  receiving  complete  fertilizers. 

The  referee  desires  to  acknowledge  the  assistance  of  the  directors  and  chemists  of 
the  several  stations,  who  not  only  furnished  the  samples,  but  in  the  majority  of 
instances  distributed  the  subsamples  to'the  cooperators. 

directions  for  taking  soil  samples. 

All  samples  should  be  taken  from  a  sufficient  number  of  places  in  a  plat  to  be 
thoroughly  representative  of  the  plat.  The  number  of  places  snould  never  be  less 
than  two  and  may  be  more,  being  governed  by  the  size  and  uniformity  of  the  plat 

In  taking  samples  the  undecomposed  matter  on  the  surface  is  to  be  avoided  as  far 
as  possible. 

Samples  should  be  taken  to  the  full  depth  of  the  soil;  that  is,  to  the  change  in 
color,  tt'xture,  or  other  conditions  usually  recognized  as  marking  the  line  between 
Hoil  and  subsoil,  provided  this  line  does  not  occur  at  a  greater  depth  than  1  foot. 
In  no  case  is  a  sample  to  be  taken  to  a  greater  depth  than  1  foot. 
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The  depth  to  which  samples  are  taken  should  be  noted  and  a  statement  of  the 
depth  should  accompany  the  sample. 

samples  should  not  be  taken  when  the  soil  is  too  wet  to  work. 

Sufficient  soil  should  be  taken  to  give  about  100  pounds  of  dry  soil  which  will  pass 
through  a  3-mm  mssh  sieve. 

Samples  should  be  dried  as  ouickly  as  possible  at  a  temperature  not  over  40°  C. 

In  those  cases  where  the  subsamples  are  distributed  directly  by  the  collector,  the 
samples  when  dry  should  be  passed  through  a  3-mm  sieve,  breaking  down  all  lumps 
with  a  wooden  mallet  or  rolling  pin,  the  fine  and  coarse  material  weighed,  and  the 
fine  material  wrapped  in  strong  paper  in  packages  of  about  1  pound. 

Cotton  sacks  ana  franks  will  be  mmished  by  the  referee  for  the  distribution  of  the 
pamples. 

In  addition  the  referee  should  be  furnished  with  as  full  a  description  as  possible  of 
the  obvious  characteristics  of  the  subsoil,  drainage  conditions,  distance  from  surface 
of  solid  rock  when  this  distance  is  less  than  10  feet,  together  with  such  other  data 
as  may  be  of  value. 

SAMPLE  NO.  1. 

This  was  taken  from  the  nitrogen  plats  of  the  five-year  rotation  experiments  at 
Wooster,  Ohio.  The  soil  is  a  yellow  somewhat  sandy  clay,  lying  upon  the  upper  rocks 
of  the  Waverly  series.  It  is  of  glacial  origin,  but  is  largely  modified  by  the  soft  sandy 
shales  upon  which  it  lies,  and  which  have  been  ground  up  and  mixed  with  nxaterial 
derived  from  granite  and  limestone  to  the  northward.  The  native  rock  is  abun- 
dantly streaked  with  iron,  and  a  liberal  percentage  of  iron  is  found  in  the  soil. 

The  original  forest  growth  of  this  region  was  chiefiy  white  oak,  with  a  little  admix- 
ture of  red,  scarlet,  and  black  oaks,  and  an  occasional  chestnut.  The  most  striking 
arboreal  feature  is  the  thick  undergrowth  of  dogwood. 

The  topography  of  the  country  is  rolling,  owing  entirely  to  erosion,  as  the  rocks  lie 
in  level  strata.  When  the  forest  was  cleared  away,  the  slowly  decaying  roots  of  the 
deep-rooted  white  oak  furnished  channels  of  drainage  through  the  thin  sheet  of  clay 
to  the  loosely  stratified  rocks  below,  and  through  their  rifts  and  seams  the  drainage 
waters  percolated  to  feed  the  multitude  of  springs  for  which  the  region  is  famous. 
But  SB  the  roots  decayed  more  completely  the  plow  and  the  tramping  of  teams  and 
pastured  stock  obliterated  these  natural  channels  and  artificial  drainage  became 
necessary. 

The  following  tables  exhibit  the  results  of  analyses  of  this  soil:^ 

Table  I. — Mechanical  analysis  of  sail  from  Wooster^  Ohio, 


• 

Constituent. 

Size  of  particles. 

First  6 
inches. 

Gravel  .                    ..         . 

MiUimetere. 
2tol 

Per  rent. 
0.56 

Coarse  sand  .         

1  to  0.5 

.86 

Mwlimtn  R^ind ,, - - 

0.5  to  0.26 

.71 

Fine  aand 

0.25  to  0.1 

1.79 

Verv  fine  sand                                                                                             .... 

0.1  to  0.05 

20.47 

Silt 

0.06  to  0.01 

0.01  to  0.005 

0.005  to  0.0001 

29.97 

FinesUt 

36.07 

Clay 

4.74 

a  Ohio  A^.  Expt.  Sta.  Bui.  110. 
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Table  II. — Chemical  analym  {1.115  HCl)  of  soil  from  Woogter^  Ohio. 


Constituent. 


Insoluble 

Potassium  oxld  ( KjO) . . 
Sodium  ox  id  (NhaO)  . . . . 

Calcium  ox  id  (CaO) 

Magnesium  oxid  (M^O) 

Ferric  oxid  (Yq^a) 

Aluminum  oxid  (AljOa) 
Phosphoric  acid  (PjOs) . 
Sulphuric  acid  (SOg)  ... 
Loss  on  Ignition 


First  6 
Inches. 


Percent. 

88.71 

.22 

.39 

.32 

.36 

2.64 

2.63 

.80 

.01 

4.43 


Second  6 
Inches. 

Third  6 
inches. 

Percent. 

Percent. 

87.64 

88.17 

.28 

.25 

.38 

.39 

.81 

.31 

.35 

.36 

3.29 

2.97 

3.49 

3.01 

.80 

.80 

.05 

.05 

4.  OS 

4.25 

The  experiments  on  this  land  were  commencetl  in  1888.  Dissolved  boneblack  and 
dissolved  rock  have  been  used  as  the  standard  carriers  of  phosphoric  acid;  muriate 
of  potas^h  as  the  sourc*  of  potash;  and  nitrate  of  soda  furnished  the  standard  for 
nitrogen.  Where  phosphates  have  l)een  applied  it  has  been  at  the  rate  per  acre  of 
320  pounds;  muriate  of  potash  at  the  rate  of  260  pounds;  nitrate  of  soda,  440  pounds; 
and  dried  1)1  ood,  40  pounds,  during  a  five-year  rotation. 

Incidentally  it  may  Ixj  said  that  nitrogen  or  potash  alone  or  together  have  not  been 
profitable,  and  where  ammonium  sulphate  is  the  carrier  of  nitrogen  the  yields  have 
l:)een  smaller  than  with  wxiium  nitrate. 

SAMPLE  NO.  2. 

This  sample  is  from  plat  No.  6  (muriate  of  {)otash  and  dried  blood  plat)  of  the 
rotation  oxj)eriments  of  the  Pennsylvania  experiment  station.  The  soil  is  a  magne- 
sium limestone  clay  loam,  al)out  8  inches  in  depth,  through  which  fragments  of  flint 
are  s(^tten*d.  It  has  good  natural  drainage  and  contains  a  fair  supply  of  organic 
matter.  The  surface  soil  is  fairly  uniform  in  depth  and  fertility,  but  the  sabsoil 
varies  greatly  in  depth. 

The  fertilizers  are  applied  twice  during  the  rotation — to  the  corn  and  to  the  wheat — 
at  the  rate  of  218  and  250  iK)unds  dried  blood,  250  pounds  dissolved  boneblack,  and 
200  pounds  muriate  of  potash  \wr  acre. 

Applications  (if  lime  have  re<lu('ed  the  yields  decide<lly,  while  sulphate  of  ammonia 
has  given  greater  yields  than  nitrate  of  soda. 

SAMPLES    NOS.  3    AND   4. 

These  samples  are  from  plate  Nos.  10  and  11  of  the  phosphoric  acid  experiments  at 
the  Maryland  station.  The  soil  is  a  rather  stiff  clay,  naturally  quite  well  drained, 
though  ([uite  level.  In  general  character  the  plats  are  quite  uniform,  in  fact  more 
so  than  most  pi(H*eH  of  like  area  in  this  formation.  The  history  of  the  cropping  of  the 
land  use<l  for  this  test  was,  so  far  as  known,  as  follows:  There  was  a  poor  stand  of 
grass  and  weeds  on  this  land  in  1888,  which  was  plowed  down  and  seeded  to  wheat, 
which  was  harvested  in  1889;  gra»?,  1890-91;  com,  1892;  fallowed  1893;  wheat,  1894. 
Clover  and  timothy  were  sown  in  the  wheat  and  gave  a  good  stand.  It  was  limed  at 
the  rate  of  30  ba^hels  of  stone  lime  per  acre  in  1893.  Since  the  beginning  of  the 
experiments  in  1895,  muriate  of  potash  and  nitrate  of  soda  have  been  applied  in  like 
anunmts  to  all  plate,  while  the  source  of  the  phosphoric  acid  has  been  varieil.  Sample 
No.  3  has  iKit  received  j)hosphates  since  1880,  while  sample  No.  4  has  received  in  five 
applications,  ground  raw  8.  C.  rock  at  the  rate  of  a  total  of  2,f>50  pounds  j^er  acre. 
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SAMPLE  NO.  5. 

Sample  No.  5,  from  Amherst,  Mass.,  is  furnished  by  the  Massachusetts  agricultural 
experiment  station  from  plat  O,  field  F;  a  friable  loam,  with  a  retentive  subsoil  of 
clay  that  is  nearly  filled  with  gravel  and  small  stones  in  the  lower  strata.  Previous 
to  1887  the  field  had  been  used  as  a  meadow  and  was  well  worn-out,  at  that  time 
yielding  but  a  scanty  crop  of  English  hay. 

The  plat  (No.  5)  in  proximity  to  the  one  from  which  the  sample  was  taken,  and 
with  which  comparisons  will  be  made  later,  received  the  following  treatment:  In 
1887  the  sod  was  turned  under.  The  crops  grown  in  1888,  and  in  succession  since, 
have  been  Hungarian  grass,  forage  crops,  potatoes,  wheat,  serradella,  maize,  barley, 
rye,  soy  beans,  Swedish  turnips,  and  maize.  The  fertilization  began  in  1890  with 
about  500  pounds  of  dissolved  boneblack,  290  pounds  of  nitrate  of  soda,  and  390 
pounds  of  potash-magnesium  sulphate.  This  application  was  made  yearly  till  1895, 
after  which  time  no  more  phosphoric  acid  was  added,  but  the  yearly  addition  of  the 
other  ingredients  was  increased  one-half.  In  1893  and  thereafter  the  same  crops 
were  grown  upon  the  plat  (No.  0)  from  which  the  sample  of  soil  was  secured  as 
upon  the  above-mentioned  one,  but  the  first  addition  of  fertilizer  was  made  in  1896, 
since  which  the  application  of  nitrogen  and  potash  has  corresponded  with  that  on 
the  other  plat.  So  far  as  is  known,  no  phosphate  has  ever  been  added  to  plat  0. 
Both  plats  were  limed  at  the  rate  of  a  ton  of  quicklime  per  acre  in  the  spring  of  1898. 
It  will  be  seen  that^  during  1896,  1897,  and  1898,  the  fertilization  of  the  two  plats 
was  the  same,  but  previous  to  these  years  plat  0  had  received  no  fertilizer,  while 
plat  5,  during  a  series  of  years,  had  received  a  total  application  of  about  1,900 
pounds  of  nitrate  of  soda  per  acre,  2,500  x)ounds  of  potash-magnesium  sulphate,  and 
2,500  pounds  of  dissolved  boneblack. 

SAMPLE  NO.  6. 

Sanaple  No.  6  is  from  plat  No.  1  wheat  acre  of  the  Kentucky  station.  Soil  is 
derived  from  the  Lower  Silurian  limestone,  rich  in  phosphoric  acid.  The  top  soil  is 
a  brown  clayey  loam;  the  subsoil,  a  yellow  clay  so  retentive  as  to  cause  the  land  to 
be  deficient  in  natural  drainage;  the  surface  soil,  8  to  12  inches  deep.  It  has  been 
in  wheat  continuously  since  1887  without  fertilizer  of  any  kind.  The  soil  of  the  plat 
does  not  now  produce  a  crop  of  wheat.  It  is  of  the  same  character  as  that  of  the 
com  acre,  and  the  data  given  in  r^ard  to  it  will  apply  as  well  to  the  soil  of  the  com 
acre. 

SAMPLE   NO.  7. 

This  sample  is  from  plat  No.  4  (nitrogen  and  phosphoric  acid  plat)  of  the  ** soil- 
test"  experiment  of  the  Rhode  Island  station. 

The  soil  here  mentioned  is  from  the  "plain."  It  is  of  a  dark  chocolate  color, 
about  4  inches  deep,  underlaid  by  an  impure  clay  resting  upon  gravel  and  pebbles 
of  unknown  depth,  which  form  a  good  natural  drainage.  The  soil  is  evidently 
derived  from  gneiss,  consisting  of  quartz,  orthoclase,  and  biotite,  and  made  up  of 
glacial  drift. 

Mechanical  analysis.  ^^ 


Per  cent. 

Moisture  in  air-dried  sample 1. 90 

Organic  matter 8. 46 

Gravel,  2-1  mm 1.82 

Coarse  sand,  1-0.05  mm 3.40 

Medium  sand,  0.5-0.25  mm 7. 82 


Per  cent. 

Fine  sand,  0.25-0.1  mm 6.66 

Very  fine  sand,  0. 1-0.05  mm 31. 65 

Silt,  0.05-0.01  mm 29.69 

Fine  silt,  0.01-0.005  mm 4. 38 

Clay,  0.005-0.0001  mm 4.81 


«  Rhode  Island  Agr.  Expt.  Sta.  Bui.  28. 
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Chemical  analysis  of  air-dried  fine  9oU.<^ 


Per  cent. 
Insoluble  matter 80.632 


K,0. 
CaO. 
MgC) 


.155 
.569 
.209 


Per  cent. 

PA *.....  0.127 

Moisture  and  organic  matter 7. 888 

Humus 2.752 

Ash  from  humus 605 

PjOq  in  humous  ash 042 


Fe-A- 3.463 

Al,Os 4.641 

It  was  found '^  that  the  amount  of  phosphoric  acid  extracted  from  these  soils,  rich 
in  or^nic  matter,  was  increased  41  per  cent  by  substituting  the  Goss  for  the  above 
method. 

Soil  taken  from  different  portions  of  the  same  field  in  1895  con1aine<l,  on  a  water- 
free  basis,  humus,  3.86  per  cent  (by  the  Huston  method,  which  gives  higher  results 
than  the  Hilgard  method,  in  most  cases);  humous  nitrogen,  0.13  per  cent;  and  free 
humic  acid, «  1.52  per  cent  (Rhode  Island  station).  Soil  which  had  been  exhausted 
of  its  available  potash  by  fertilization  with  nitrogen  and  phosphoric  acid,  taken  from 
the  same  field  in  1897,  yielded  only  0.020  per  cent  of  lime  by  treatment  with  carbon- 
ated water. «?  The  soils  under  discussion  give  an  acid  reaction  to  litmus  paper,  and 
fail  to  produce  satisfactory  yields  in  the  case  of  many  crops  without  an  addition  of 
lime  or  other  alkaline  materials  to  correct  the  existing  acidity. 

In  1890  an  experiment  was  begun  with  maize  to  indicate  the  relative  amounts  of 
more  active  nitrogen,  phosphoric  acid,  and  potash  within  the  soil.  Previous  to  this 
time  grass  had  been  growing  for  many  years  without  fertilization,  and  hardly  enough 
was  produced  at  the  time  the  experiment  began  to  pay  for  cutting.  In  1890  and 
1891  nitrate  of  soda,  150  pounds;  dissolved  boneblack,  350  pounds;  and  muriate  of 
potash,  150  pounds  per  acre  were  applied.  In  1892  and  subsequently  the  annual 
application  was  increased  to  480,  600,  and  200  pounds,  respectively.  In  1896  air- 
slacked  lime  was  applied  to  all  plats  at  the  rat«  of  2\  tons  per  acre. 

A  plat  to  which  a  complete  fertilizer  was  applied  was  not  included  in  this  experi- 
ment until  1899. 

SAMPLE   NO.  8. 

This  soil  is  from  plat  No.  67  of  the  limecl  series,  phosphoric  acid  exjieriments, 
Rhode  Island  station.     No  phosphoric  acid  has  been  added  to  this  plat. 

This  land  is  of  the  same  general  character  as  No.  7.  In  this  experiment  there  are 
two  series  of  plats  on  which  the  comparative  value  of  different  phosphates  is  being 
studied.  One  series  is  lime<l,  the  other  is  unlimed.  Each  plat,  except  the  check 
plats,  re(^eive<l,  in  the  course  of  each  year  from  1895  to  1899,  inclusive,  like  amounts 
of  phosphoric  acid,  irrespective  of  the  form.  All  have  received  like  amounts  of 
nitrate  of  soda  and  of  muriate  of  potash.  Owing  to  the  very  acid  character  of  this 
soil,  which  vitiates  the  results  obtained  with  some  of  the  crops  raised,  it  has  been 
thought  best  to  give  the  increase  due  to  phosphoric  acid  of  slag  meal  as  well  as  from 
the  standard  phosphoric  acid  carrier,  dissolved  phosphate  rock. 


a  Rhode  Island  Agr.  Expt.  Sta.  Bui  28.     Collected  1892.     Hilgard  method. 

&U.  S.  Dept.  Agr.,  Division  of  Chemistry,  Bui.  47. 

<^ Method  given  in  Wiley's  Agricultural  Analysis,  vol.  1,  p.  331. 

^'U.  S.  Dept.  Agr.,  Division  of  Chemistry,  Bui.  56. 
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CHARACTER  OP  SAMPLES  AS  INDICATED  BY  CROPS  GROWN. 

Th((  data  compiled  in  Table  III  show  the  increase  in  the  crops  obtained  by  adding 
plant  foods  to  the  various  soils  of  which  these  samples  are  representative: 

Table  III. — Increase  in  crops  per  acre  due  to  plant  food  added  to  soils  from  irhich 

samples  were  taken. 


.Soil 

Rample 

No. 

1 
Plant  food  added. 

1 

K^ 

Wh 

Grain. 

252 
671 
2C4 
480 
646 

eat. 
Straw. 

607 
1,163 

762 
1,167 
1,411 

Ofl 

Grain. 

Its. 

Com. 

Hay. 

Lbf. 
106 
598 
171 
817 
875 

Barley. 
Grain.  ;  Straw. 

Straw. 

12>8. 

(ft) 
557 
163 
166 

Grain. 

Stover. 

Dm. 

106 

162 

1,732 

1.629 

398 

1 

147 

387 

77 

134 

75 
646 
369 
717 

478 

12m. 

I2m. 

P,Ot 

2 

'  K^ 

I 

P^ 

3 

P.06 

4« 

PjOs 

1        '"* 

5 

PjOfc 

269 

131 

3,490 

1   SfiO 

726 

1,890 

6 

K,0 

135 
160 

3,609 
(6)            ib\ 

PjjOa 

7 

K/) 

330 

(ft) 

1,041 
296 
961 
458 

1,320 
(ft) 
2,159 

886 
1,863 

891 

P^ 

8 

PsO&.r  unllmed 

787 
575 
662 
472 

5,112 
1,725 
2,437 
2,097 

1,601 
1,117 
2,661 
1,166 

To-~ 
baeeo. 

PsOs,c]imed 

1 

PsOs,(funlimed 

Pi(H,dlimed 

Soil 

sample 

No. 

Plant  food  added. 

Rye. 

Cab- 
bage. 

Tur- 
nips. 

Soy  beans. 

Pota- 

Crim- 
son 
clover. 

Beets. 

Beans. 

Straw. 

toes. 

5 

P^j 

1,390 

12)9. 

963 

U>t. 
674 

IM. 
960 

U>8. 

1,860 

Um. 

IJb9. 

12m. 

Bush. 

6 

KjO 

6,280 
2,100 
2,814 
2,406 
11,070 
6,900 
9.900 
6,*640 

268 
142 

p^ 

7 

KjO 

P^ 

8 

PjO^,*^  unlimed.  .*. . 

320 
3,665 

622 
6,335 

4,960 
460 

6,840 
820 

9.5 

PflOs,  limed 

70 

p^^rf unlimed.  . 

154 

PjOfcdlimed 

473 

a  Fertilized  with  ground  raw  phosphate  rock  and  well  supplied  with  available  PjOft. 

i>  Larger  yields  without  PfO^. 

c  From  dissolved  South  Carolina  rock. 

(fProm  slag  meal. 

From  the  preceding  figures  we  see  that — 

Sample  No.  1  is  very  deficient  in  available  phosphoric  acid  for  hay,  wheat,  oats, 
and  com.  The  increased  yield  of  oats  and  wheat  due  to  use  of  potash  is  about  half 
that  due  to  phosphoric  add;  with  com  and  hay  it  is  practically* nothing. 

Sample  No.  2  is  very  deficient  in  available  phosphoric  acid  for  com,  wheat,  grass, 
and  oats,  being  about  like  No.  1  in  this  particular.  It  is  deficient  in  available  potash 
for  com  and  wheat,  but  practically  not  deficient  for  grass  and  oats. 

Sample  No.  3  is  about  as  deficient  in  phosphoric  acid  as  No.  1  for  wheat,  com, 
and  hay. 

Sample  No  4  has  had  only  ground  raw  phosphatic  rock  applied  to  it,  but  experi- 
ments for  five  years  with  crops  show  that  larger  yields  have  been  obtained  with 
insoluble  phosphate  than  with  soluble  or  reverted;  hence  sample  No.  4  should  be 
higher  in  available  phosphoric  acid  than  No.  3. 
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Sample  No.  5  is  decidedly  deficient  in  phosphoric  acid  for  corn,  8oy  l^eane,  barley, 
rye,  cabbage,  turnips,  and  oats.     Particularly  so  for  corn,  liarley,  rye,  and  soy  beans 

Sample  No.  6  has  never  been  found  to  need  phosphates,  except  for  potatoes.  It  ix 
very  deficient  in  available  potash  for  potatoes  and  corn,  somewhat  deficient  for 
tobacco,  and  but  little  for  wheat. 

Sample  No.  7  is  deficient  in  available  potash  for  potatoes,  less  deficient  for  com- 
deficient  in  phosphoric  acid  for  potatoes,  but  not  for  com. 

Sample  No.  8.  is  very  deficient  in  available  phosphoric  acid  for  potatoes,  crimsoA 
clover,  com,  hay,  oats,  beets,  and  turnips;  in  all  cases,  except  with  turnips,  much 
less  deficient  when  limed. 

Results  of  Work  on  Samples. 

Determination  of  phosphoric  acid  was  asked  for  in  samples  Nos.  1,  2,  3, 4,  5,  and  8. 
Determination  of  potash  was  asked  for  in  samples  Nos.  6  and  7. 

CHEMICAL   ANALYSES. 

The  results  reported  are  given  in  the  following  table: 

Table  IV. — Determinations  of  potash  and  p}iofij)honc  acid  by  the  NjSOO  hydrochloric 

acid  method. 


[Parts  per  million.] 


Analyst. 

C.C.  Moore,  Bureau  of  Chemis- 
try (not  corrected  for  basic- 
ity). 

C.  C.  Moore,  Bureau  of  Chemis- 
try (corrected  for  basicity). 

F.  P.  Veitch,  Bureau  of  Soils 
(not  corrected  for  bfwicity). 


Constituent. 


pie 
No.l, 


(Potash 52.0 
Phosphoric  acid 

Phosphoric  acid 


IPotash 

I  Phosphoric  acid . . 


56.0 


Sam- 
ple 
No.  2. 

Sam- 
ple 
No.  3. 

Sam- 
ple 
No.  4. 

94.0 
l.S 

136.0 
10.0 

50.0 
6.0 

1.7 

12.0 

8.0 

111.0 
1.2 

142.0 
^1.0 

42.0 
7.0 

Sam- 
ple 
No.  6. 

177.0 
0.66 

.70 

)  175.0 
.5 


Sam- 
ple 
No.  6. 


Sam- 
ple 
No.  7. 


Sam- 
ple 
No.  8. 


16.0     11.0'    39.0 


4.0 
4.5 


18.0 
4.0 


1.0 
LO 


1.0 
1.0 


12.0     42.0 
2.ol      1.6 


With  regard  to  phosphoric  at^id  we  see  that  samples  Nos.  1,  2,  and  8,  which  are  low 
in  available  phosphoric  acid,  show  less  than  2  parts  per  milliou,  while  No.  3,  which 
is  also  low,  shows  from  10  to  11  parts,  and  No.  7,  which  should  be  well  supplie<i  with 
available  phosphoric  acid,  shows  only  from  1  to  2  parts  per  million.  The  results  on 
Nos.  3  and  4  are  contrary  to  the  crop  history  of  the  soils.  The  other  results  are  in 
harmony  with  their  crop  history. 

With  regard  to  potash,  Nos.  6  and  7,  which  are  markedly  deficient,  show  but  small 
amounts  dis&olved  by  this  method,  while  No.  1,  which  is  somewhat  deficient  in 
available  potash,  shows  52  to  55  parts  per  million,  more  than  No.  4  or  No.  8,  which 
are  presumably  well  supplied.  In  view  of  the  fact  that  the  samples  represent  but  a 
fraction  of  the  feeding  depth  of  plants  in  these  soils,  it  seems  advisable  to  give  the 
method  further  trial  on  samples  so  taken  as  to  represent  approximately  the  feeding 
ground  of  plants. 

It  seems  to  the  referee  that  in  the  use  of  these  methods  which  remove  so  little 
from  the  soil  it  is  particularly  necessary  to  know  the  solubility  of  the  plant  foods  to 
the  full  feeding  depth  of  the  plants.  While  the  advisability  of  this  was  recognized, 
it  was  not  jK^ssible  to  take  the  matter  up  this  year. 

MECHANICAL   ANALYSIS. 

In  the  matter  of  the  advisability  of  the  association's  adopting  methods  for  the 
mechanical  analysis  of  soils,  the  following  self-explanatory  corresix>ndence  is 
submitted: 
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September  12,  1902. 
Prof.  Milton  Whitney, 

Chief  of  Bureau  of  SoUSj  Washington,  D.  C. 
Dear  Sir:  Among  the  questions  referred  by  the  Association  of  Agricaltural  Chem- 
iats  to  the  referee  on  soils  was  that  of  the  importance  of  the  mechanical  analysis  of 
soils  and  the  advisability  of  the  association  providing  in  its  published  methods  for 
mechanical  as  well  as  for  chemical  methods  for  soil  analysis.  It  seems  to  the  referee 
that  you  are  the  one  who  is  best  fitted  to  make  a  statement  covering  these  points, 
and  he  therefore,  respectfully  asks  that  you  write  a  letter  to  be  submitted  over  your 
signature  as  part  of  the  report  on  soils,  stating  to  what  extent  the  physical  condition 
of  a  soil  as  revealed  by  its  mechanical  analysis  may  be  regarded  as  exerting  a  meas- 
urable or  practical  effect  on  the  fertility  or  crop-producing  power  of  that  soil. 

Your  discussion  of  the  advisability  of  changing  the  present  limits  of  size  for  the 
several  separates  obtained  by  the  standard  mechanical  method,  and  of  the  closeness 
with  which  results  can  be  duplicated  by  the  same  and  by  different  workers,  will  also 
be  appreciated. 

Yours,  very  respectfully,  F.  P.  Veitch, 

Referee  on  Soils, 

September  30,  1902. 
Mr.  F.  P.  Veitch, 

Referee  on  SoilSy  Bureau  of  Soils:  • 

Sir:  Your  letter  of  September  12  has  been  received,  referring  to  the  advisability 
of  the  Association  of  Official  Agricultural  Chemists  providing  in  itspublished  methods 
for  mechanical  as  well  as  for  chemical  methods  for  soil  analysis.  This  letter  has  been 
given  full  and  careful  consideration,  and  I  find  it  a  rather  difficult  question  to  deal 
with,  as  there  are  so  many  contingencies  that  have  to  be  taken  into  account,  which 
I  realisse  it  is  difficult  for  the  analyst  to  inform  himself  upon  and  to.  consider  in  the 
examination  of  individual  samples. 

Generallv  speaking,  I  believe  the  mechanical  analvsis  throws  an  important  light 
upon  the  character  of  the  soil  and  the  character  of  the  crop  to  which  it  is  adapted, 
but,  as  in  the  chemical  analysis,  there  are  questions  of  climate,  physiography,  trans- 
portation, and  markets,  as  well  as  other  more  subtle  differences  in  the  structure  of 
soil  which  have  to  be  given  full  consideration,  in  using  the  results  of  the  mechanical 
analysis. 

To  reply  first  to  your  last  inquiry,  I  think  it  very  undesirable'  to  have  a  large 
number  of  physical  se{)arations,  as  it  is  impossible  for  us  to  use  many  of  these  separa- 
tions in  our  estimate  of  the  physical  properties  or  the  physical  character  of  the  soil. 
As  you  know,  we  have  adopted  seven  separations:  (1)  Fine  gravel,  (2)  coarse  sand, 
(3)  medium  sand,  (4)  fine  sand,  (5)  very  fine  sand,  (6)  silt,  and  (7)  clay.  I  think 
that  these  various  grades  should  stand,  as  these  differences  can  be  recognized  in  the 
6eld  by  our  soil  experts,  and  it  is  quite  clearly  recognized  that  these  several  separa- 
tions occurring  in  aifferent  proportions  in  the  soil,  influence  in  a  more  or  less  marked 
manner  the  character  of  the  crop  adapted  to  the  land,  its  relation  to  drainage  and 
agricultural  practice.  In  the  correlation  of  soils  into  great  classes  in  this  Bureau,  we 
are,  however,  reducing  these  separations  to  four  principal  groups  by  combining  the 
fine  gravel,  coarse  sand,  and  medium  sand  into  what  we  roughly  designate  as 
"coarse  grades;"  the  fine  sand  and  the  very  fine  sand  into  what  we  roughly  con- 
sider "  fine  sand  material; "  the  silt,  which  has  in  the  field  peculiar  properties  typi- 
cally shown  in  a  true  loess,  and  clay,  which  has  certain  characteristic  properties 
of  plasticity,  which,  however,  rnay  be  shown  by  any  of  the  other  groujis. 

It  is  useful  in  comparing,  for  example,  the  Cecil  clay  and  the  Uagerstown  clay,  or 
the  Cecil  sandy  loam,  the  Cecil  loam,  and  the  Cecil  clay,  to  see  from  this  abbreviated 
statement  of  the  results  of  the  mechanical  analysis  whether  the  coarse  sand,  fine 
sand,  or  the  silt,  or  the  clay  predominates,  or  what  the  relation  between  these  dif- 
ferent grades  bear  to  each  other  in  the  different  soils  or  different  groups  of  soils. 

The  practice  of  the  Bureau  has  been  to  simplify,  as  much  as  possible,  the  broad 
classification  of  the  soils,  and  for  this  purpose  16  general  classes  have  been  estab- 
lished, viz,  stony  loam,  gravel,  gravelly  loam,  dune  sand,  sand,  fine  sand,  sandy  loam, 
fine  sandy  loam,  loam,  shale  loam,  silt  loam,  clay  loam,  clay,  adobe,  meadow,  and 
muck  and  swamp.  We  endeavor  to  indicate  in  the  type  name  that  the  soil  may  be 
thrown  into  one  or  another  of  these  general  classes,  but  each  one  of  these  classes 
may  contain  any  number  of  different  types  of  soils  so  long  as  their  individual  char- 
acters and  peculiarities  are  clearly  stated. 

Furthermore,  we  have  decided,  after  f  ul  I  and  careful  consideration,  that  these  classes 
ahall  be  based  upon  the  field  judgment  of  the  men  rather  than  upon  the  mechanical 
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analysis.  It  is  quite  possible  that  a  soil  will  show  from  the  mechanical  analysis  60  or 
70  per  cent  of  silt,  which  would  indicate  that  it  belonged  to  the  loess  type,  and  should 
be  called  a  silt  loam,  while  the  properties  in  the  field  show  it  to  be  a  true  clay  in  being 
extremely  plastic  and  impervious  to  water  and  possessing  none  of  the  friable  proper- 
ties of  a  loess.  Again,  we  mav  have  a  soil  which  shows  a  low  content  of  clay  with  a 
high  content  of  fine  sand,  having  in  the  field  an  impervious  character,  high  retentive 
properties  for  water,  and  being  more  or  less  plastic,  in  which  caae  the  soil  would  go 
under  the  general  class  of  a  clav  soil  regardless  of  the  fact  that  the  mechanical  analy- 
sis shows  the  soil  to  contain  relatively  little  clay. 

While  these  differences  may  be  perplexing  to  the  person  who  is  classifying  the 
results  of  the  laborator^r  work,  they  are  nevertheless  valuable  in  pointing  out  essen- 
tial properties  of  the  soil,  which  would  otherwise  be  overlooked.  A  soil  containing 
70  per  cent  of  silt,  but  having  the  properties  in  the  field  of  a  true  clay,  is  interesting 
from  the  standpoint  of  the  soil  physicist  in  indicating  certain  properties  the  soil  pos- 
sesses differing  markedly  from  a  loess  containing  70  per  cent  of  silt,  and,  furthermore, 
these  differences  unquestionably  give  valuable  guides  as  to  the  proper  treatment  of 
these  soils,  which  would  not  be  deduced  alone  u-om  the  mechanical  analysis  or  from 
the  field  examination.  / 

If  a  soil  is  described  as  a  sandy  soil  or  a  sandy  loam  and  the  mechanical  analysis 
shows  that  it  contains  not  to  exceed  6  or  8  per  cent  of  clay,  I  should  have  no  hesitar 
tion  in  stating  that  early  truck  crops  could  be  produced  on  the  soil;  but  whether  it 
would  be  an  economic  venture  to  develop  the  industry  would  depend  upon  climatic 
conditions,  transportation  faciUties,  and  market  demands.  If  the  soil  contains  10  per 
cent  and  over  I  snould  say  that  it  would  be  adapted  to  a  different  class  of  truck  crops, 
particularl  V  to  the  late  varieties  of  potatoes  and  to  the  heavy  truck  crops,  such  as  cab- 
oage.  If  the  soil  contains  15  per  cent  of  clay,  I  should  say  that  it  would  be  unwise  to 
expect  any  successful  development  in  early  truck  crops,  although  it  might  be  admir- 
ably adapted  to  market  gardening  which  could  be  carried  on  within  hauling  distance 
of  a  city  or  town. 

With  the  knowledge  we  now  possess  of  the  influence  of  the  soil  upon  the  commer- 
cial t^pe  of  tobacco,  it  should  be  possible,  from  the  mechanical  analysis  alone,  within 
certain  prescribed  limits  which  mark  our  different  tobacco  districts,  to  determine 
the  character  of  the  le^f  that  would  be  produced:  In  the  Northern  cigar-tobacco 
districts,  whether  a  wrapper,  binder,  or  nller  could  be  produced  on  a  soil  of  any 
given  texture;  in  the  Southern  districts,  whether  a  bright  tobacco,  manufacturing 
tobacco,  or  the  different  types  of  export  tobacco  could  be  produced.  But  it  would 
be  unwise  to  predict  either  success  or  failure  from  similar  analvses  of  soils  taken 
outside  of  the  present  recognized  tobacco  districts.  The  commercial  type  of  tobacco 
is  HO  markedly  influenced  by  the  physical  character  of  the  soil  that,  in  this  particular 
case,  as  no  doubt  with  many  other  crops,  the  commercial  t^pe  is  dependent  upon 
this  character,  with  little,  if  any,  regara  to  the  actual  chemical  composition  of  the 
soil.  The  chemical  composition  of  the  soil  undoubtetUy  influences  the  yield  and 
quality  of  crops  under  these  conditions,  but  it  has  little  noticeable  effect  upon  the 
type  of  tobacco  which  is  grown.  In  other  words,  the  yield,  size  of  leaf,  bum,  and 
grain  of  the  leaf  can  undoubtedly  }ye  modified  by  fertilization,  but  so  far  as  my 
experience  goes  fertilization  can  not  produce  a  wrapper  leaf  on  a  filler  soil,  as  these 
tyi)es  are  dependent  primarily  under  given  climatic  conditions  upon  the  texture  and 
physical  properties  of  the  soils.  Similar  relations  could  be  shown  between  other 
crops  and  the  physical  character  of  the  soil,  but  it  would  hardly  be  justifieil  in  the 
limits  of  such  a  brief  communication  as  is  probably  expected  in  reply  to  your  letter. 

As  the  operations  of  the  Bureau  of  Soils  extends  over  wider  areas  of  the  country, 
resulting  in  the  establishment  of  recognized  types  and  reports  as  to  the  relation  of 
these  tyiHJS  to  crops,  it  is  believed  that  a  basis  will  be  given  for  the  correlation  of 
soils  even  outside  of  the  areas  which  have  been  surveyeil  and  which  will  make  it 
imperative  for  the  agricultural  chemist  to  adopt  methods  of  mechanii-al  analysis  in 
conjunction  with  his  chemical  work  in  showing  the  cla^s  of  crops  adapted  to  the  soil 
in  addition  to  his  chemical  work  which  may  show  the  relation  of  the  soil  to  the 
actual  yield  of  crops.  1  consider  it  inadvisable  to  increase  the  number  of  separations 
V>eyond  the  seven  grades  which  we  now  recognize.  The  actual  size  or  limits  of  these 
separations  is  a  relatively  unimportant  matter.  Itis  necessarily  an  arbitrarv  measure. 
W'hether  the  conventional  separation  in  use  by  the  Bureau  is  adopted  or  wnether  the 
separations  vary  acconling  to  the  square  root  of  10  or  some  other  mathematical  rela- 
tion IS  unimportant,  except  for  the  fact  that  this  Bureau  has  unquestionably  the 
largest  and  most  representative  collection  of  soil  samples  that  has  ever  been  made, 
and  haw  made  and  published  upward  of  3,000  analyses  covering  all  of  the  most 
important  types  of  soil  in  this  country  and  many  from  abroad.    Furthermore,  the 
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soil  survey'  hae  been  extended  to  30  States  in  this  country  and  is  rapidly  lieing 
extended  m  an  ini measurably  greater  scope  than  can  be  given  by  any  individual  or 
State.  It  would,  therefore,  seem  advisable  for  the  analyst,  in  view  of  the  work  thus 
far  done,  and  the  enormous  extension  of  this  work  which  will  undoubtedly  be  made 
possible  through  the  liberal  appropriations  by  Congress,  to  adopt  the  same  separa- 
tions as  are  here  use<l.  This  would  insure  a  uniformity  of  results.  It  would  make 
possible  a  correlation  of  samples  with  areas  which  have  been  accurately  mapped  and 
carefully  investigated  by  this  Bureau,  and  would,  in  my  judgment,  add  greatly  to  the 
value  of  the  work  of  the  individual  analyst  in  comparison  with  what  could  be 
accomplished  by  a  change  in  the  limits  of  size  of  the  separation  at  this  time  by  any 
indiviaual  or  by  any  association. 

Careful  watch  has  been  kept  upon  the  accuracv  of  the  details  of  the  method  as 
showft  by  duplicate  analyses  by  the  same  and  dinerent  individuals  in  this  Bureau, 
and  it  is  my  judgment  that  the  limit  of  error  is  much  smaller  than  the  justifiable 
phases  which  are  recognized  by  our  field  men,  or  than  we  are  able  to  recognize  in 
their  effect  upon  the  crop.  In  a  truck  soil  containing  not  to  exceed  8  per  cent  of 
clay,  I  can  see  no  advantage  in  working  for  results  closer  than  1  or  2  per  cent  of 
clay.  A  difference  of  half  of  1  per  cent  has  no  meaning  to  me.  Samples  from  dif- 
ferent parts  of  the  type  may  differ  much  more  than  this  with  no  apparent  difference 
in  their  relations  tocrops,  and  if  duplicate  results  by  different  workers  come  within 
1  or  2  per  cent  of  the  amount  of  clay  in  such  a  soil,  it  would  be  perfectly  satisfactory 
to  me.  On  the  other  hand,  in  a  clay  soil  the  difference  between  30  and  35  per  cent 
of  clay  is  imimportant,  as  I  think  we  can  not  recognize  such  differences  in  crop  rela- 
tions. Again,  60  per  cent  of  silt  with  certain  physical  properties  places  a  soil  in 
the  class  of  loess  soils.  I  would  not  recognize  any  essential  difference  in  such  a 
type  if  duplicate  analyses  or  duplicate  samples  showed  60  per  cent  of  silt,  because, 
in  my  judgment,  the  aifference  between  50  per  cent  and  60  per  cent  of  silt  would  not 
have'so  marked  an  effect  upon  the  crop  as  to  be  readily  recognized.  It  would  cer- 
tainly be  far  less  liable  to  affect  the  crop  than  would  different  methods  of  cultivation. 
If  there  was  70  or  80  per  cent  of  silt,  this  would  be  a  different  matter  from  the  case 
of  a  soil  containing  50  per  cent  of  silt,  such  as  we  have  just  been  considering,  and  I 
should  expect  diferent  crop  relations  and  look  for  different  cultural  methods  as 
desirable.  While  I  would  not  advocate  any  less  care  in  the  mechanical  analyses 
than  is  now  pven,  I  feel  satisfied  that  the  methods  at  present  used  are  accurate  far 
within  the  limits  of  variation  which  may  be  allowed  m  any  type  of  soil,  and  far 
within  the  limits  of  variation  of  the  effect  of  the  soil  on  the  crop.  We  must  not  for- 
get that  while  we  want  accuracy  in  our  laboratory  work,  there  must  always  be  con- 
siderable variation  in  the  limitsof  our  field  classification,  for  there  are  many  questions, 
such  as  climate,  physiography,  drainage,  and  farm  practice,  which  are  recognized  as 
having  large  influences  upon  crop  production  which  can  not  be  recognized  in  a  state- 
ment of  a  mechanical  analysis.  Considerable  variation,  therefore,  may  be  allowed 
in  the  mechanical  analysis  of  soils  within  the  same  type  from  which  the  same  results 
may  be  attained,  both  as  to  character  and  yield  of  crops. 
Very  truly,  yours, 

Milton  Whitney, 
Chief  Bureau  of  Smls. 

The  referee  would  merely  add  to  this,  that  whoever  attempts  to  determine  the 
availability  of  plant  food,  or  the  crop-producing  power  of  soils,  be  he  chemist,  soil 
physicist,  or  agronomist,  needs  all  the  data  he  can  get;  and  if  the  chemist  is  going 
to  attempt  to  say  what  a  soil  will  do,  or  how  it  can  be  most  economically  improved, 
be  should  have  methods  for  making  the  physical  as  well  as  the  chemical  examination. 

Methods  for  the  Analysis  of  Alkali  Soils. 

Thie  points  which  have  received  attention  are  the  effect  of  dilution  on  the  amount 
of  salt  dissolved,  and  the  titration  methods  for  the  determination  of  carbonates, 
bicarbonates,  and  chlorids.  As  our  present  methods  for  the  determination  of  silica, 
pulphuric  acid,  and  the  bases  are  applicable  here,  no  attention  was  given  to  these 
points.  For  this  work  10  samples  of  alkali  soils  and  crusts  were  selected,  and  pre- 
pared for  analysis  by  passing  through  a  2-mm  sieve.  The  samples  represented  soils 
containing  large  and  small  quantities  of  the  acid  radicals  to  be  determined,  as  well  as 
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samples  high  and  also  lower  in  soluble  lime  compounds.    The  results  obtained  are 
given  in  the  following  table: 

Table  V. — Effect  of  diltUion  on  solubility  of  alkali  soils  in  water, 
RESULTS  BY  J.  F.  BEAZEALE. 


Dilution. 


50  grams  per  liter. . 


100  grams  per  liter. 


60  grams  per  liter. 


25  grams  per  liter. 


10  grams  per  liter. 


Constitu- 
ents. 


4721.      4724. 


Ca 

Mg 

N 

K 

COa 

HCO3... 

CI 

SO4 

COg 

HCO,... 

CI 

8O4 

CO, 

HCO,... 

CI 

SO4 

COa 

HCOj... 

Cl 

SO4 


Per 
cent. 

0.08 

.01 

.46 

.13 


Per 
cent. 

0.08 
.01 

1.68 
.14 
.03 
.35 

1.41 
.76 
.07 
.45 

1.44 
.63 
.07 
.58 

1.40 
.77 
.23 
.90 

1.75 
.70 


4686. 

Per 
cent. 

Trace. 

Trace. 
9.39 
.11 
6.86 
5.45 
1.76 
1.32 
5.96 
6.85 
1.80 
1.28 
5.76 
6.28 
1.96 
1.67 
6.48 
6.52 
1.40 
1.20 


4759. 


Per 
cent. 

1.66 
.08 

6.12 
.28 
.02 
.06 

6.29 

3.60 


.12 
6.48 
4.32 


.17 
5.34 
6.34 


.24 
6.44 
9.96 


4889. 


Per 
cent. 

0.02 

Trace. 

22.70 

.68 

13.40 

13.93 

.91 

.98 

13.40 

16.90 

.84 

.99 

12.47 

16.43 

.84 

1.12 

13.00 

15.22 

1.00 

1.04 


5055. 


Per 
cent. 


.01 
.39 
.05 
.16 
.26 
.35 
.04 
.17 
.14 
.84 
.04 
.16 
.24 
.34 
.09 
.59 
1.20 
.35 
.04 


6102. 


Per 
cent. 

0.26 


17.66 
.09 


.08 
18.01 
6.14 


.12 
17.62 
12.80 


.19 
16.14 
12.40 


.18 
16.28 
13.42 


5103. 


Per 
cent. 

Trace. 

Trace. 

11.91 
.07 
6.00 
3.57 
3.60 
6.21 
5.84 
3.74 
2.24 
7.09 
5.96 
8.86 
2.66 
7.87 
5.96 
4.53 
2.52 
8.83 


6315. 


Per 
cent. 

2,26H 
.08 

1.66 
.07 


.24 

5.47 

.12 


4782. 


Per 

cent. 

1.43 
.67 

4.03 
.06 


.08 

.08 

5.54 

5.96 

.12 

8.78 

.07 

.00 

6.36 

6.66 

.09 

6.49 

.09 

.14 

6.22 

6.20 

.13 

7.06 

.24 
6.61 
9.11 


RESULTS  BY  P.  P.  VEITCH. 


50  grams  per  liter.. I  COa |    0.07 


10 grams  per  liter.. 


'  HCOa-..' 

:  ci I 

S04 1 

CO, 

HCOa... 
CI 


8O4 


.81 
.47 

.17 

.24 
.72 
.56 

.30 


0.12 
.38 
L51 

.43 

.24 
.61 
1.40 


0.06 
.07 

6.71 
«2.94 
a  4.91 


6.57 

6.64 

L40 
a  .89 
|al.40 

6.91 

5.32 

1.40      5.88 

I.39I'  ^'-^ 
lal2.04 


14.54 

15.26 

.96 


j    .73 

14. 
15. 


14.66 
15.22 

.84 


0.21 
.02 
.30 

.02 

.36 
.86 
.42 

.18 


.12 

17.04 

9.03 

al4.60 


.30 

17.20 

14.64 

«14.38 


6.86 
6.16 
3.44 
7.91 
al2.72 
6.31 
6.92 
3.50 

12.92 


.04 
5.21 

I  ■» 


.36 
5.32 

.12 


.24 
6.66 

10.18 


rt  Determination  made  after  ninety-six  hours  standing  in  contact  with  the  soil. 

The  results  may  be  summed  up  as  follows:  The  concentration  of  the  solution 
materially  affects  the  rapidity  of  solution  of  sulphates,  particularly  calcium  sulphate, 
and  it  is  quite  evident  that  equilibrium  has  not  always  been  reached  in  twenty-four 
hours.  The  chlorin  determination  is  the  most  satisfactory  and  appears  to  be  the 
least  affected  by  the  concentration  of  the  solution,  while  equilibrium  is  usually 
reached  within  the  twenty-four  hours.  The  determination  of  carbonates  and  of 
bicarbonates  when  present  in  large  quantities  has  not  been  very  satisfactory  to  the 
referee.  This  is  attributed  to  the  uncertain  end  point  with  phenolphthalein,  which 
is  far  from  sharp,  particularly  in  the  colored  solutions  produced  by  black  alkali. 
The  total  titration  of  carbonates  plus  bicarbonates,  using  methyl  orange,  was  some- 
what more  satisfactory. 
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While  it  may  be  true  that  the  accurate  determination  of  tiiat  portion  of  the  soluble 
salts  in  excess  of  the  quantity  fatal  to  v^etation  may  not  be  of  practical  value  so 
far  as  such  soils  are  concerned  at  the  present  time,  yet  the  possibility  of  reclaiming 
such  lands  and  the  importance  of  the  composition  of  irrigating  waters  for  this  pur- 
pose make  it  highly  desirable  that  we  have  a  uniform  and  reliable  method  for  this 
work.  The  referee,  therefore,  will  recommend  that  this  matter  go  to  the  referee 
next  year,  with  the  suggestion  that  the  concentration  of  solution  and  time  required 
for  all  salts  to  come  to  equilibrium  receive  further  attention.  It  is  to  be  hoped  that 
those  members  whose  location  and  work  bring  them  in  contact  with  this  class  of 
soils  will  give  the  matter  some  attention. 

R£CX)M  MEN  DATIONS. 

It  is  recommended: 

(1)  That  the  N/200  HCl  method  be  given  further  trial. 

(2)  That  samples  be  so  taken  that  it  will  be  possible  to  determine  by  this  method 
the  available  potash  and  phosphoric  acid  in  each  12  or  9  inches  to  a  total  depth  of 
3  or  4  feet. 

(3)  That  the  methods  for  the  analysis  of  alkali  soils  be  referred  to  the  referee 
with  instructions  to  determine  the  most  desirable  amount  of  soil  and  the  amount  of 
water  to  be  used  in  dissolving  the  soluble  salts. 

The  President.  If  there  is  no  objection  the  reading  of  the  papers 
relating  to  soils  will  be  deferred  and  we  shall  have  the  pleasure  of 
listening  to  another  guest  of  the  association.  Some  thirteen  years  ago 
when  I  went  to  Europe  it  was  my  great  pleasure  to  make  the  acquaint- 
ance of  our  highest  authority  on  explosives,  and  it  now  gives  me  partic- 
ular pleasure  to  present  him  in  Washington,  Professor  Munroe,  of 
Columbian  University. 

ADDEE8B  OF  PE0FE8S0E  MUNEOE,  OF  OOLUMBIAN  UNIVEBSITY. 

Gentlemen.  When  I  greeted  your  president  and  he  extended  to  nie  an  invitation 
to  meet  you  this  morning,  my  old  friend,  your  honored  secretary,  informed  me  that 
it  was  the  custom  to  make  a  speech  when  introduced,  but  I  can  not  make  a  speech. 
While  I  feel  complimented  by  being  called  upon,  I  am  at  a  loss  how  to  greet  you. 
I  would  greet  you  in  behalf  of  the  university,  but  the  president  has  done  so  in  a 
most  interesting  manner.  I  would  greet  you  in  l)ehalf  of  Washington,  but  there  is 
no  reason  why  1  should  do  that,  since  Washington  is  the  common  home  of  us  all.  I 
have  the  privilege  of  being  here  to  a  greater  extent  than  you,  but  Washington  ih  the 
home  of  all  Americans.     I  simply  greet  you  as  I  would  at  your  own  home. 

I  would  say  that  I  have  been  interested  in  this  organization  since  its  beginning  and 
have  noticed  the  steps  that  were  being  taken  and  the  great  progress  made.  I  feel 
very  much  pleased  at  what  it  has  accomplished.  I  have  been  gla<l  to  cal  1  the  attention 
of  my  students  to  the  work  of  the  association  along  the  line  of  agriculture,  and  have 
urged  them  to  attend  the  meetings  of  this  body,  to  see  you  in  jiert^oii  and  to  linten  to 
these  discussions.  The  accounts  which  I  have  read  of  these  proceedings  as  I  have 
received  them  from  year  to  year  have  been  very  mteresting,  and  I  hope  that  I  may 
continue  to  get  them. 

I  have  been  much  interested  in  your  attempt  to  secure  uniformity  in  niethodn. 
Many  years  ago  at  Newport,  in  purchasing  materials  for  the  Government,  I  was  obliged 
to  make  specifications  for  them.  There  was  difficulty  in  securing  material  to  con- 
form to  the  specifications  at  that  time.  Some  twenty  years  ago  I  suggesttMl  that 
w«  append  to  the  specifications  the  method  by  which  the  different  const ituentM 
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called  for  should  be  determined.  It  may  be  seen  that  the  methods  then  proposeii  were 
not  the  most  exact  nor  the  best,  but  it  was  necessary  that  the  analysts  should  follow 
the  same  method.  The  errors  of  the  methods  were  eliminated  and  only  the  errors 
of  the  analysts  remained.  Your  method  of  examining  into  the  different  methods 
proposed  and  then  declaring  that  certain  methods  shall  for  the  time  be  the  official 
method  seems  to  me  to  be  most  admirable.  You  are  ready  to  change  when  the  bet- 
ter method  is  proposed  and  this  agreement  is  a  marked  progress.  In  order  to  obtain 
certain  data  it  is  necessary  that  you  follow  similar  methods  and,  even  if  there  is  some 
variation  in  the  data,  it  is  not  so  unsatisfactory  as  it  otherwise  might  be. 

I  repeat  that  I  feel  gratified  at  your  having  invited  me  to  meet  you,  and  I  am  glad 
to  say  that  I  shall  be  able  to  make  another  contribution  other  than  the  few  wonls  I 
have  spoken.  Someone  has  expressed  a  desire  for  the  bulletin  which  has  been  pub- 
lished by  the  Census  Bureau  on  Chemicals  and  Allied  Products,  and,  so  far  as  possible,  I 
shall  be  glad  to  supply  copies  to  your  members.  That  will  be  my  chemical  contri- 
bution to  this  meeting. 

The  President.  I  am  sure  we  appreciate  the  honor  of  having 
Professor  Munroe  with  us,  and  in  behalf  of  the  association  I  extend  to 
him  our  thanks  for  the  donation  of  these  publications. 

EEPOET  or  COMMITTEE  ON  NOMINATIONS. 

Mr.  BiGELOw.  AVe  would  nominate  for  vice-president  Mr.  M.  E.  Jaffa;  for  secre- 
tary, Mr.  H.  W.  Wiley,  and  for  the  additional  members  of  the  executive  committee, 
Messrs.  Penny  and  Leitch.  The  recommendation  includes  the  nomination  for 
president  of  Mr.  Davidson. 

Mr.  Van  Slyke.  I  move  that  the  report  of  the  committee  be 
adopted  and  that  the  secretary  be  instructed  to  cast  the  ballot  for  the 
officers  designated. 

The  motion  was  carried  and  the  officers  were  declared  duly  elected. 

Mr.  BiGELOW.  I  would  like  to  say  for  the  benefit  of  those  who  can 
go  to  Cabin  John  that  we  will  be  able  to  get  a  very  nice  dinner  for  $1, 
but  it  will  not  include  wine  or  anything  of  that  nature.  I  would  like 
to  know  how  many  members  can  go.  We  will  take  the  cars  that  pass 
in  front  of  the  Ebbitt  House,  and  it  is  suggested  that  we  start  about 
6  o'clock. 

A  QUANTITATIVE  METHOD  FOE  DETEEMINING  THE  AOIDITT  OF  SOILS. 
'      By  C.  G.  Hopkins,  W.  H.  Knox,  and  J.  H.  Pettit. 

Although  for  many  years  we  have  l>een  able  to  determine  by  qualitative  methods 
whether  a  soil  is  acid,  or  sour,  and  although  different  degrees  of  acidity  have  some- 
times been  recognized  and  described  by  such  terms  as  slightly  acid,  very  acid,  strongly 
acid,  etc.,  no  practical  quantitative  method  for  determining  tho  exact  degree  of  acid- 
ity and  the  consequent  quantity  of  lime  required  per  acre  to  correct  or  neutralize  the 
acidity  of  the  soil  has  been  described  so  far  as  the  authors  have  been  able  to  learn. 
Certainly  no  such  method  is  in  common  use. 

The  method  which  we  have  worked  out  is  based  upon  the  reaction  which  occurs 
when  solutions  of  mineral  salts  are  added  to  acid  soils.  The  acids  of  the  soils  are 
theniR^lves  very  difficultly  soluble,  and  it  is  practically  impossible  to  completely 
extract  ihem  from  the  soil  with  distilled  water,  even  though  large  quantities  of 
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water  be  percolated  through  the  soil;  but,  when  a  mineral  salt  solution  Ir  added  to 
the  8oil,  the  acids  apparently  unite  with  the  mineral  base,  evidently  liberating  the 
mineral  acid,  or  an  acid  salt  which,  of  course,  is  perfectly  soluble,  and  whose  titrat- 
ing power  furnishes  a  very  satisfactory  basis  for  determining  the  total  acidity  of 
the  soil. 

For  use  in  quantitative  work  a  5  per  cent  solution  of  commercial  sodium  chlorid 
(a  good  grade  of  common  table  salt)  has  been  found  to  be  entirely  satisfactory.  Of 
course,  other  mineral  salts,  as  potassium  chlorid,  serve  the  purpose  equally  well,  but 
they  are  no  better  than  common  salt  and  are  considerably  more  expensive. 

The  details  of  the  method  are  as  follows:  Place  100  grams  of  the  soil  in  a  stout, 
medium  wide-mouthed  bottle  of  about  400-cc  capacity;  add  a  sufficient  quantity  of 
a  5  per  cent  sodium  chlorid  solution  to  make  250  cc  of  liquid,  including  the  moisture 
contained  in  the  soil,  but  independent  of  the  volume  of  the  soil  itself  (the  moisture 
content  of  thoroughly  air-dry  soils  will  not  cause  an  appreciable  error,  if  neglected); 
close  tightly  with  a  rubber  stopper;  place  in  a  shaking  machine,  and  shake  for  three 
hours.  (Shaking  by  hand  every  half  hour  for  about  twelve  hours  will  accomplish 
the  same  result).  Place  the  bottle  in  a  suitable  centrifuge  and  whirl  till  the  soil  is 
thrown  down  sufficiently  to  allow  at  least  125  cc  of  clear  liquid  to  \ye  blown  off  by 
means  of  two  glass  tubes  held  in  a  rubber  stopper  and  arranged  about  the  same  as 
in  the  ordinary  **  spritz"  bottle,  except  that  tlie  exit  tube  should  be  about  2  mm  at 
the  end  instead  of  terminating  in  a  fine  jet.  Instead  of  using  the  centrifuge  the  bot- 
tles may  be  allowed  to  stand  a  few  hours,  or  125  cc  of  the  liquid  may  be  filtered  off, 
care  being  taken  to  avoid  concentration  by  evaporation.  Exactly  125  cc  of  the  clear 
liquid  (one-half  the  total  volume  of  liquid)  are  placed  in  an  Erlenmeyer  flask,  heated 
to  boiling  a  to  expel  traces  of  carbon  dioxid  and  to  insure  a  sharp  ''end  reaction,'' 
and  then  titrated  with  standard  fixed  alkali,  phenolphthalein  being  used  as  the 
indicator. 

The  reaction  between  the  soil  acids  and  the  sodium  chlorid  does  not  run  to  an  end, 
but  it  has  been  found  that  at  the  end  of  three  hours'  shaking,  under  the  conditions 
described  above,  an  equilibrium  is  established,  and  that  no  appreciable  additional 
quantity  of  acid  is  liberated  with  repeated  or  long-continued  shaking.  In  other 
words,  the  solution  has  the  same  degree  of  acidity  w^hether  the  titration  is  made 
as  soon  as  possible  after  the  three  hours'  shaking,  or  after  shaking  for  three  hours 
it  is  allowed  to  stand  for  twenty-four  hours  and  then  again  shaken  for  three  hours 
before  drawing  off  one-half  of  the  solution  to  titrate.  If,  however,  after  the  125  cc 
of  liquid  are  removed  and  titrated,  an  equal  quantity  of  fresh  salt  solution  is  added 
to  the  residue  contained  in  the  shaker  bottle,  the  contents  are  again  shaken  for 
three  hours,  and  125  cc  of  the  solution  is  drawn  off  and  titrated,  this  second  titer 
will  be  found  to  be  approximately  two-thirds  of  the  first  titration,  instead  of  one- 
half  of  it,  as  it  would  be  if  the  reaction  had  run  to  an  end  under  the  first  treatment. 
If  this  process  is  further  repeated,  the  third  titration  will  be  found  to  be  about  two- 
thirds  of  the  second,  and  the  fourth  to  be  two-thirds  of  the  third,  etc.  We  are  thus 
able  by  this  fractional  process  to  separate  the  acid  equivalent  from  the  soil  to  within 
an  indeterminable  amount,  and  the  results  obtained  form  a  simple  descending  geomet- 
ric series,  as  may  be  seen  from  the  following  data,  in  which  are  shown  the  duplicate 
readings  (in  cubic  centimeters  of  standard  alkali)  of  eleven  different  titrations  of  the 
acid  obtained  in  these  fractional  separations. 


a  No  appreciable  quantitity  of  hydrochloric  acid  is  lost  from  such  dilute  solutions 
even  when  heated  to  boiling  for  a  short  time. 
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Table  I. — Standard  alkali  neutralized  by  successive  saline  extracts. 


Titration  (soil  sample  No.  1.) 


(A)      '       {B) 

Standard  Standard 

alkali.       alkali 


(Aver- 
age.) 
Standard 
alkali. 


Ratio  to 
preced- 
ing titra- 
tion. 


First  

Second ... 
Third  .... 
Fourth . . . , 

Fifth 

Sixth 

Seventh.. 
Eighth.,. 
Ninth.... 
Tenth.... 
Eleventh. 


Average  ratio . 


cc. 

8.9 

5.8 

3.9 

2.7 

1.9 

1.26 

1.0 

.76 

.5 

.3 

.2 


cc. 

9.1 

5.6 

8.5 

2.6 

1.9 

1.25 

1.0 

.75 

.5 

.3 

.2 


cc. 

9.0 

5.7 

3.7 

2.65 

1.9 

1.25 

1.0 

.75 

.5 

.3 

.2 


"0.638 
.649 
.716 
.717 
.668 
.800 
.750 
.667 
.600 
.667 


It  will  be  observed  that  the  ratio  is  fairly  constant,  considering  the  small  amounta 
of  liquid  measured  in  the  titrations. 

The  duplicate  readings  of  the  first  and  second  titrations  on  four  other  samples  of 
soil  gave  the  following  results: 

Table  II. — Compariscni  of  first  and  second  soil  extracts. 


Firet  titration. 


Soil  Mample  No.— 


I  I  ' 

!       (A)      '      (BJ 
Standard  Standard 
:   alkali,    i   alkali,    i 


I 


(Aver- 
age.) 
Standard 
alkali. 


Second  titration. 


(A)  (fi) 

Standard  Standard 

alkali.    1    alkali. 


18.1 
5.7 

4.8 
2.8 


5.6 
5.2 

2.8 


cc. 

18.35  I 
5.65  I 
6.00 
2.8    ' 


12.  C 
3.7 
3.0 

1.8 


cc. 

12.2 
3.75 
8.2 
1.9 


(Aver- 
age.) 
Standard 
alkali. 


cc. 

12.4 
3.78 
3.1 
1.85 


Average  ratio  . 


I 


I 


Ratio  of 
second 
to  first. 


0.676 


.620 
.661 


.654 


If  we  take  an  average  of  these  two  general  averages,  we  have  0.67,  or  approximately 
the  fraction  §.  We  are  investigating  still  further  this  ratio,  or  the  relation  of  each 
titration  reading  to  the  preceding  one,  but  tentatively  we  are  using  this  ratio  and 
believe  it  is  very  approximately  correct.  By  computation  from  these  data,  it  becomes 
a  simple  matter  to  obtain  a  factor  by  means  of  which  we  can  compute  the  total 
acidity  from  the  first  titration.  For  example,  if  we  let  A'  equal  the  constant  ratio,  S 
the  total  acidity,  and  1  the  first  titration,  we  have  the  following  equation: 
S=l+X-|  XVX'-t-X^-f X" 

1 


or  S= 


1-X 


If  A'=S,  then  S=j^j=3. 

Thus,  if  J  is  the  correct  ratio  of  each  titration  to  the  preceding  one,  then  the  total 
acidity  of  the  soil  is  three  times  the  first  titration.  From  the  data  which  we  have 
thus  far  obtained,  we  l)elieve  this  factor  to  be  very  nearly  exact;  and  in  practical 
work  we  recommend  that  onlv  the  first  titration  be  made  as  above  described  and  that 
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this  reading  be  multiplied  by  the  Victor  3  to  determine  the  total  acidity  in  the  sample 
of  soil  taken. a  If  we  apply  this  rule  to  soil  No.  1,  we  have  26.7  oc  and  27.3  cc,  or  an 
average  of  27  cc,  based  upon  the  first  titration  only;  whereas  if  we  add  together  all 
titrations  and  then  add  to  that  sum  0.4  cc,  or  twice  the  amount  of  the  eleventh  titra- 
tion, we  have  27.6  cc  and  27.1  cc,  or  an  average  of  27.35  oc,  based  on  fractional  separa- 
tions and  absolute  titration  of  the  total  acidity  excepting  the  0.4  cc  in  the  final 
residue. 

It  is  convenient  to  have  the  strength  of  the  alkali  such  that  1  cc  is  equivalent  to  3i 
mgs  of  calcium  carbonate,  so  that  the  number  of  cubic  centimeters  of  alkali  used  in 
the  titration  corresponds  to  the  number  of  centigrams  of  calcium  carbonate  required 
to  neutralize  the  acid  in  100  grams  of  the  soil  sampled.  In  other  words,  each  cubic 
centimeter  of  alkali  required  for  the  single  titration  corresponds  to  one-hundredth 
of  1  per  cent  of  the  soil  in  terras  of  calcium  carbonate  required  By  computation 
from  this  datum  and  from  the  apparent  specific  gravity  of  the  soil,  as  used  in  the 
determination,  and  the  thickness  of  the  stratum  sampled,  the  exact  amount  of  calcium 
carbonate  required  to  correct  the  acidity  of  the  soil  is  readily  determined;  and  56 
per  cent  of  this  amount  gives  the  quantity  of  fresh  burned  liuie  required,  in  ca.se  it 
is  desired  to  use  this  fonn  of  lime. 

If  we  can  make  our  titration  exact  to  one-tenth  of  a  cubic  centimeter  of  the  stand- 
ard alkali,  which  corresponds  to  one-thousandth  of  1  per  cent  of  calcium  carbonate 
re<iuired  by  the  soil  t^  neutralize  its  acidity,  the  limit  of  error,  or  perhaps  we  might 
better  say,  the  limit  of  accuracy,  is  3  pounds  of  calcium  carbonate  per  acre-inch  of 
soil  or  36  pounds  per  acre-foot,  on  the  basis  of  3,600,000  pounds  of  soil  to  the  acre- 
foot;  and  we  can  compute  the  amount  required  by  40  acre-inches,  or  by  an  acre-meter, 
if  we  may  use  the  term,  to  within  a  limit  of  error  of  120  pounds  of  calcium  carbonate 
or  70  pounds  of  lime. 

To  indicate  the  ease  and  rapidity  of  manipulation  of  this  method,  it  may  be  said 
that  with  the  shaking  machine  which  we  are  using  and  without  the  use  of  a  centri- 
fuge, one  analyst  can  easily  determine  quantitatively,  and  in  duplicate,  the  d^ree  of 
acidity  in  30  different  samples  of  soil  in  one  day. 

That  the  quantitative  determination  of  the  lime  required  by  soils  is  of  great  prac- 
tical significance,  is  evidenced  by  the  fact  that  we  find  exceedingly  marked  differences 
in  the  needs  of  different  soils,  as  may  be  seen  from  the  following  tabular  statement: 

Table  III. — Data  employed  in  the  determination  of  the  oddity  or  lime  requirement  of 

soils. 


Field  or 

plot 

tested 

Name  of  stratum 

Location  of 
stratum. 

A 

Surface 

Inches. 
0-6 

Subsurface   

Subsoil 

6-19 
19-40 

B 

Surface 

0-7 

Subsurface 

Subsoil 

7-17.5 
17.5-40 

c 

Surface 

0-5 

Subsurface 

Subsoil 

5-20.5 
20.5-10 

Apparent 
specific 
gravity 
of  soil. 


1.326 
1.349 
1.456 
.726 
1.278 
1.299 
1.227 
1.256 
1.364 

a  Since  this  paper  was  read  some  additional  data  have  been  obtained  which  show  that  the  factor  3 
in  too  small.  Further  results  will  be  offered  for  publication  within  a  short  time.  In  practical  work 
we  now  advise  using  the  factor  4,  which  will  probably  prove  to  be  above  the  exact  figure,  but  in 
practice  it  is  advisable  to  apply  at  least  a  small  excess  of  lime  above  the  actual  present  requirements 
ot  the  soil.— C.  G.  Hopkins. 


Weight  of 
stratum 
per  acre. 

Alkali  required 
for  the  titra- 
tion. 

CaCOs 
required 
by  soil. 

CaCOs 
required 

for 
stratum 
per  acre. 

Pounds. 

cc. 

cc. 

Percent. 

Pounds. 

1,798,000 

1.9 

1.7 

0.018 

324 

3,963,000 

7.2 

7.2 

.072 

2,853 

6.910,000 

14.4 

14.7 

.146 

10,088 

1,149,000 

1.7 

1.7            .017 

195 

3.032,000 
6,605.000 

1.387,000 

8.7 

8.5  1          .086 

1,193 

4,400.000 

11.7 

11.9  j          .118 

5,192 

5,%7.000 

31.1 

31.3 

.312 

18,617 
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Table  III. — Data  employed  in  the  determination  of  the  acidity  or  lime  requirement  of 

soils — Continued. 


Field  or 

plot 
tested. 

Name  of  stratum 
sampled. 

Location  of 
stratum. 

Apparent 
specific 
gravity 
of  soil. 

Weight  of 
per  acre. 

Alkali  required 
for  the  titra- 
tion. 

CaCOa 
required 
by  soil. 

CaCOa 
required 

stratum 
per  acre. 

D 

Surface 

Inches. 
0-6 
6-24 

24-40 
0-7 
7-17 

17-40 
0-7 
7-16 

16-i2 

42-54 

1.291 
1.815 
1.328 
1.307 
'      1.368 
1.408 
1.188 
1.256 
1.364 
L357 

Pounds. 
1,751,000 
5,349,000 
4,802,000 
2,068,000 
3,092,000 
7,319,000 
1,958,000 
2,554,000 
8,012,000 
3,679,000 

ce. 

0.6 
.3 

1.9 
.6 
.3 

cc. 

0.6 
.4 

1.9 
.6 
.3 

P^cent. 
0.006 
.004 
.019 
.006 
.003 

Pounds. 
105 

Subsurface 

Subsoil 

214 
912 

E 

Surface 

124 

Subsurface 

Subsoil 

98 

F 

Surface 

6.6 

14.9 

9.8 

.1 

6.8 

14.9 

9.5 

.1 

.067 
.149 
.094 
.001 

1,312 
3,806 
7,631 

Subsurface 

Subsoil 

Lower  subsoil 

87 

It  will  be  observed  that  some  soils  are  exceedingly  acid,  and  that  they  will  require 
exceedingly  heavy  applications  of  some  form  of  lime  to  produce  a  neutral  condition. 
The  soil  in  field  A  requires  324  pounds  of  calcium  carbonate  per  acre  to  neutralize 
the  surface,  or  plowed  soil;  2,853  pounds  to  neutralize  the  subsurface,  or  that  which 
lies  between  the  plow  line  and  the  subsoil  line,  and  10,088  pounds  to  correct  the 
acidity  of  the  subsoil  to  a  depth  of  40  inches.  The  total  amount  required  by  this 
soil  to  neutralize  the  acidity  to  a  depth  of  40  inches  is  13,265  pounds  of  calcium  car- 
bonate, or  about  6i  tons.     This  is  equivalent  to  about  3}  tons  of  burned  lime. 

It  should  be  stated  that  we  do  not  know  as  yet  to  what  depth  it  is  necessary  to 
neutralize  the  soil  acidity.  We  hope  to  have  some  definite  information  on  this  point 
within  a  few  years.  It  is  certainly  safe  to  say  that  the  acidity  of  the  plowed  soil 
should  be  corrected,  and  it  seems  very  probable  that  it  will  be  advantageous  to  apply 
some  excess  above  what  is  required  for  that  purpose.  We  are  carrying  on  some 
experiments  to  determine  how  rapidly  lime  is  carried  into  the  lower  depths  of  the 
soil;  or,  in  other  words,  how  much  time  will  be  required  before  lime  which  is  mixed 
with  the  surface  soil  will  begin  to  reduce  the  acidity  of  the  subsurface  or  subsoil. 

The  soil  of  field  B  is  very  slightly  acid,  the  total  amount  of  calcium  carbonate 
required  being  only  195  pounds  per  acre,  and  this  is  all  needed  in  the  surface  soil. 
Indeed,  both  the  subsurface  and  subsoil  of  this  field  were  found  to  contain  lime 
carbonate,  and  all  that  is  needed  to  correct  the  slight  acidity  of  the  surface  soil  is 
somewhat  deeper  plowing  than  has  been  practiced  heretofore. 

Field  C  is  possessed  of  one  of  the  most  acid  soils  which  we  have  found  in  the 
course  of  several  hundred  examinations  of  acid  soils.  The  plowed  soil  requires  1,193 
pounds  and  the  subsurface  5,192,  while  to  correct  the  total  acidity  of  this  soil  to  a 
depth  of  40  inches  requires  25,000  pounds,  or  12}  tons  of  calcium  carbonate,  equiva- 
lent to  7  tons  of  burned  lime. 

Field  I)  possesses  a  rather  small  degree  of  acidity,  1,231  poimds  of  calcium  car- 
bonate, or  689  pounds  of  burned  lime,  l^eing  sufficient  to  neutralize  the  soil  acidity 
to  a  depth  of  40  inches. 

Field  E  requires  a  total  of  only  217  pounds  of  calcium  carbonate.  The  subsoil 
was  found  not  only  free  from  acidity,  but  it  contains  abundance  of  calcium  carbonate 
to  correct  the  acidity  of  the  upper  strata;  but,  as  there  is  no  practical  method  of 
effecting  such  a  translocation,  it  is  necessary  to  apply  some  form  of  lime  to  the  surface. 

It  will  be  noted  that  there  are  not  only  marked  differences  in  the  degree  of  acidity 
of  acid  soils,  but  the  acidity  of  distinctly  acid  soils  is  markedly  different  in  different 
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strata  of  the  same  soil;  and,  furthermore,  the  acidity  increases  with  depth  in  some 
soils  and  decreases  in  others,  while  in  field  F  the  acidity  increases  from  the  surface 
to  the  subsurface,  and  then  grrows  less  in  the  ordinary  subsoil,  practically  disappear- 
ing in  the  lower  subsoil  below  42  inches.  This  condition  is  probably  explained 
by  the  fact  that  the  subsoil  stratum  lying  between  16  and  42  inches  in  depth  is  of  a 
stiff  clayey  nature  and  nearly  impervious  to  water,  and  the  soil  acids  of  the  upper 
strata  have  not  been  carried  through  it  to  any  appreciable  extent  This  field  requires 
a  total  of  12,686  pounds  of  calcicun  carbonate,  or  7,104  pounds  of  burned  lime,  to 
correct  the  acidity  of  the  soil,  and  it  may  be  noted  that  this  applies  to  the  total 
depth  of  the  soil  in  this  field. 

It  may  be  pointed  out  that  there  are  several  advantages  of  considerable  economic 
value  in  being  able  to  apply  lime  quantitatively  in  correcting  the  acidity  of  soils; 
among  these  advantages  may  be  mentioned  the  following: 

1.  One  may  be  sure  that  he  is  applying  sufficient  lime  to  correct  the  acidity  and 
thus  really  benefit  the  soil. 

2.  One  may  avoid  a  large  waste  of  lime  by  applying  an  ample  amount  without  a 
large  excess. 

3.  One  may  correct  the  acidity  of  the  soil  without  danger  of  the  possible  injury  to 
the  land  which  is  thought  to  be  sometimes  produced  by  excessive  applications  of 
caustic  lime. 

In  our  own  work  we  already  have  illustrations  of  some  of  these  advantages.  For 
example,  an  application  of  only  320  pounds  per  acre  of  air-slacked  lime  to  a  very 
slightly  acid  soil  effected  an  increase  of  more  than  one-half  ton  of  air-dry  alfalfa  hay 
per  acre  for  each  of  the  first  two  cuttings  this  season,  while  somewhat  heavier  but 
nevertheless  insufficient  applications  on  exceedingly  acid  soils  have  produced  no 
apparent  benefit,  and,  in  fact,  have  led  people  who  are  not  cognizant  of  the  strongly 
acid  character  of  the  soil,  to  suppose  that  the  soil  does  not  need  lime. 

In  conclusion,  it  is  desired  to  state  that  this  method  of  making  quantitative  deter- 
minations of  the  acidity  or  lime  requirement  of  soils  has  now  been  in  almost  constant 
use  for  nearly  a  year  in  the  laboratories  of  the  University  of  Illinois  Agricultural 
Experiment  Station.  Quantitative  applications  of  lime  have  been  made  to  soils  in 
the  laboratory  in  accordance  with  the  determinations  made  by  this  method,  and  the 
acidity  of  the  soil  has  been  found  to  have  been  practically  neutralized.  The  method 
has  been  applied  to  pot-culture  investigations  and  also  to  field  experiments  on  a 
large  scale,  involving  carloads  of  the  material,  and  it  is  asserted  with  confidence  that 
it  can  be  relied  upon  to  give  trustworthy  results.  A  brief  description  of  this  method 
was  given  before  the  Illinois  Farmers'  Institute  in  February  of  the  present  year.  It 
has  also  been  described  to  a  number  of  other  people  interested  in  the  study  of  soils, 
including  several  who  are  engaged  in  soil  investigations  in  the  United  States 
Department  of  Agriculture,  and  it  is  gratifying  to  state  that  it  has  met  with  very  gen- 
eral approval.  The  authors  beg  to  report  the  method  to  this  association  with  the 
hope  that  it  may  add  to  the  satisfaction  and  encouragement  which  we  all  find  in  any- 
body's discovery  or  development  of  any  method  or  principle  which  materially  assists 
in  reducing  agricultural  practice  to  a  scientific  basis. 

The  President.  The  eyes  of  this  association  as  well  as  all  those 
interested  in  agriculture  are  always  upon  the  Secretary  of  Agriculture. 
From  my  own  knowledge  of  the  work  that  has  been  done  for  the  agri- 
cultural interests  of  this  country,  1  would  say  that  no  Secretary  has 
ever  grasped  the  situation  so  completely  or  has  been  able  to  accomplish 
so  much  for  the  agriculture  of  this  country  as  our  present  Secretary. 
It  gives  me,  therefore,  the  utmost  pleasure  to  introduce  to  you  the 
honorable  Secretary  of  Agriculture,  Mr.  James  Wilson. 
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ADDEESS  OP  SEOEETARY  WILSOlf . 

Mr.  President  and  Gentlemen  of  the  Association:  I  came  here  merely  to  take 
off  my  hat  and  welcome  you  to  the  city,  and  to  congratulate  you  on  the  good  work 
you  are  doing  in  the  interest  of  our  country.  There  are  few  people  who  know  how^ 
fast  the  ITnited  States  is  progressing  along  all  scientific  lines.  I  hardly  know  of  any- 
one who  makes  a  special  study  of  the  matter;  it  keeps  me  busy  to  keep  up  with  my 
own  Department.  The  kind  words  just  spoken  by  your  president  concerning 
myself  require  a  word  of  explanation.  I  try  to  get  the  right  man  for  the  right  place, 
and  after  I  have  found  that  man  I  take  the  check  line  out  of  the  hook  and  give  him 
a  free  head  and  he  brings  things  to  pass. 

You  never  had  a  Secretary  who  understood  all  the  sciences.  One  might  spend 
fifty  years  studying  them  and  then  find  that  he  was  fifty  years  behind  and  that  he 
must  begin  all  over  again,  and  so  on  until  he  was  too  old  to  learn.  I  have  gotten 
over  the  notion  that  I  must  understand  the  details  of  every  scientist's  work.  I  try 
to  study  the  scientist.  I  think  the  Department  of  Agriculture  has  as  fine  a  corps 
of  scientists  as  can  be  found  on  the  face  of  the  earth.  As  we  progress,  grow,  and 
develop  in  the  United  States,  we  need  chemists.  We  are  needing  them  more  and 
more  now  to  safeguard  the  health  of  our  people,  and  it  is  necessary  to  have  their 
assistance  that  the  people  shall  not  be  poisoned  and  that  they  shall  not  be  defrauded 
by  the  quality  of  the  food  they  necessarily  consume. 

The  manufacturers'  work  grows  and  develops  just  as  fast  as  the  chemists  help  them 
along  and  no  faster.  For  drugs,  for  example,  we  are  heavily  indebted  to  Europe 
and  pay  heavily  every  year.  Scientists  of  the  Department  of  Agriculture  are  about  to 
undertake  bringing  into  our  country  all  the  drug  plants  used  in  the  work  in  chemistry. 
That  will  help  along  this  one  line.  I  have  one  determination  which  I  hold  strongly, 
and  that  is  that  whenever  I  see  Uncle  Sam  paying  for  anything  from  foreign  countries 
I  want  to  find  out  whether  that  thing  can  not  be  produced  at  home.  Four  years  ago 
wx  manufactured  from  beets  16,000  tons  of  sugar,  the  next  year  41,000  tons,  the  year 
after  that  72,000  tons,  and  the  year  after  that  184,000  tons.  This  year  it  will  be  over 
250,000  tons.  We  do  not  want  the  United  States  to  pay  out  money  for  things  which 
our  people  can  produce  at  home.  I  may  safely  say  before  this  association  of  chemists 
that  sugar  is  composed  of  wind  and  water.  Four  years  ago  we  produced  a  fourth  of 
the  rice  that  was  consumed  in  the  United  States.  This  year  all  the  rice  needed  in 
America,  except  some  special  brands,  will  be  produced  in  this  country,  and  so  it  goes 
all  along  the  line.  We  are  endeavoring  to  grow  the  things  for  which  we  are  paying 
heavily  to  foreign  countries.  I  do  not  think  it  is  necessary  for  us  to  leave  their  pro- 
duction to  other  lands.  We  have  every  degree  of  climate  and  widely  varying  condi- 
tions from  Alaska  on  the  north  to  the  Philippines  on  the  south,  and  we  can  produce 
everj'thing  we  want.  It  is  the  purpose  of  the  Secretary  of  Agriculture  that  we  shall 
progress  along  these  lines  until  whatever  we  need  can  be  produced  somewhere  in  the 
United  States.  In  all  of  these  investigations  we  shall  need  chemists,  and  we  are  going 
to  need  them  very  much. 

We  have  been  selling  $30,000,000  worth  of  home-grown  tobacco  and  buying 
$6,000,000  worth  of  fine  Sumatra  tobacco.  We  have  investigated  and  experimented 
until  now  we  are  able  to  help  the  people  of  New  England  to  produce  this  fine 
tobacco.  It  will  only  he  a  question  of  time  when  we  shall  keep  that  6  millions  of 
dollars  at  home.  We  have  determined  to  produce  filler  tobacco.  We  have  been  try- 
ing t^)  find  out  the  climate  best  adapted  to  its  culture  and  now  we  have  found  two 
places  in  the  United  States  where  we  can  grow  the  finest  tobacco  under  the  sun.  We 
find  other  places  where  it  is  only  a  little  too  strong;  there  we  shall  institute  scientific 
research  and  grow  the  tobacco  under  all  possible  variations  of  conditions  in  order  to 
get  just  what  we  want,  and  while  we  are  doing  this  we  want  chemists  to  watch  the 
plant's  progress  from  the  time  it  takes  root.  It  is  wonderful  what  the  American 
chemist  can  find  out.  This  work  with  tobacco  means  the  annual  saving  of  about  14 
millions  of  dollars  that  we  are  now  paying  out  for  foreign-grown  tobacco.     We  can 
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eventoally  produce  all  this  much  better  at  home  and  supply  the  world.    The  pros- 
perity of  the  United  States  will  be  the  result  of  the  labors  of  the  American  people. 

I  am  obliged  to  you  for  sending  the  committee  to  wait  on  me.  I  hope  your  stay 
here  will  be  pleasant  and  that  you  will  arrive  home  safely.     I  bid  you  good  day. 

The  President.  Is  it  your  pleasure  that  we  continue  with  our  pro- 
gram, or  shall  we  adjourn? 

Mr.  Penny.  I  would  like  to  ask  the  referee  on  soils  if  he  found  any 
of  the  surface  soils  that  were  not  acid? 

Mr.  Hopkins.  No,  sir. 

Mr.  Penny.  How  did  you  determine  that  they  were  acid? 

Mr.  Hopkins.  By  the  method  I  have  just  described  for  determining 
the  acidity  of  soils,  and  also  by  making  a  determination  of  the  carbon- 
ates or  carbon  dioxid. 

Mr.  Penny.  Did  you  make  the  acidity  test  upon  the  whole  soil, 
or  only  on  part  of  it? 

Mr.  Hopkins.  Ordinarily,  we  separate  material  coarser  than  1  mm 
and  make  our  determination  upon  the  fine  earth. 

Mr.  Fraps.  If  there  is  no  objection,  I  would  like*  to  present  this 
paper;  it  will  take  only  about  ten  minutes. 

STUDIES  nr  irCTEIFIOATIOlf . 
By  G.  S.  FRAPS. 

At  the  last  two  meetings  of  this  association  articles  on  nitrification  have  heen  pre- 
sented by  W.  A.  Withers  and  the  author.  The  chief  fact  brought  out  in  these  arti- 
cles was  that  in  three  weeks  some  soils  nitrify  ammonium  sulphate  to  a  greater 
extent  than  cotton-seed  meal  does,  while  with  other  soils  the  reverse  is  the  case. 
The  explanation  for  this  circumstance  advanced  in  the  articles  referred  to  is  that  the 
difference  is  due  to  the  combined  influence  of  three  factors: 

1.  Ammonium  sulphate  may  hinder  the  action  of  the  nitrifying  organisms. 

2.  The  acids  produced  by  their  life  activity  are  detrimental  to  them  unless 
neutralized. 

3.  There  are  organisms  which  convert  organic  matter  directly  to  nitrites,  as  well 
as  those  which  oxidize  ammonium  salts  to  nitrites. 

It  was  to  test  this  last  hypothesis  that  the  work  I  am  about  to  describe  was  insti- 
tuted. The  results  obtained  at  first  were  so  astonishingly  irregular  that  the  success 
of  the  investigation  seemed  to  be  threatened.  A  search  for  the  cause  of  the  irregu- 
larities led,  however,  not  only  to  some  very  interesting  results  in  regard  to  the  life 
history  of  the  organisms,  but  paved  the  way  for  a  study  of  the  nature  of  the  nitri- 
fying oi^ganisms  and  laid  the  foundations  for  a  rational  method  for  studying  the 
nitrifying  powers  of  soils. 

Method  of  Work. 

Two  kinds  of  nitrification  tests  were  made.  In  one  kind  the  nitrification  was  car- 
ried out  in  the  soil  as  it  came  from  the  field;  in  the  other  the  testa  were  carried  out 
in  a  sterile  soil  inoculated  with  an  active  soil.  The  first  will  be  called  direct  nitrifi- 
cation tests;  the  second,  inoculation  tests.  A  large  number  of  both  kinds  of  tests 
were  made  in  the  course  of  this  investigation.  The  methods  used  varied  slightly  at 
first,  but  finally  the  following  were  adopted  as  the  standard  methods: 

1.    DIRECT   NITRIFICATION  TESTS. 

The  sample  of  soil,  as  received,  was  sifted  through  a  5-inm  sieve  and  mixed 
thoroughly.  Water  was  determined  in  it  by  the  usual  method,  and  also  its  water 
saturation  capacity,  as  follows: 

Fifty  grams  of  the  soil  were  placed  in  a  carbon  filter  on  a  perforated  i)orcelain 
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plate,  and  the  whole  weighed.  Water  was  added  in  quantity  a  little  more  than  was 
necessary  to  saturate  the  soil,  so  that  a  few  drops  came  through,  and  the  tube  was 
allowed  to  drain,  a  cork  being  placed  in  the  mouth  of  the  tube  to  prevent  evapora- 
tion from  the  surface  of  the  soil.  After  two  hours  the  stem  of  the  tube  was  dried, 
and  the  whole  weighed.     Allowance  was  made  for  the  water  already  in  the  soil. 

In  all  the  nitrification  tests  500  grams  of  soil  were  used  and  the  quantity 
of  cotton-seed  meal,  or  ammonium  sulphate,  which  contained  0.3  gram  nitrogen, 
together  with  2.14  grams  calcium  carbonate,  which  is  a  sufficient  quantity  to 
neutralize  all  the  nitric  acid  and  sulphuric  acid  which  would  be  formed  if  the 
ammonium  sulphate  were  completely  nitrified.  The  soil  was  placed  in  a  porcelain 
evaporating  dish  and  mixed  intimately  with  the  cotton-seed  meal  (4.30  grams)  and 
calcium  carbonate.  Sufficient  water  was  then  added  to  bring  the  water  Content  of 
the  soil  to  one-third  of  its  saturation  capacity,  and  the  whole  thoroughly  mixed. 
The  mixture  was  transferred  to  a  pint  precipitation  jar,  or  fruit  jar,  weighed,  placed 
in  a  water  bath  in  a  dark  closet,  and  kept  as  nearly  as  possible  at  35°  C.  Every 
Monday  and  Thursday  the  jars  were  weighed  again,  and  the  loss  of  water  replaced 
in  each  one.  At  the  end  of  the  period  of  three  weeks  the  contents  of  each  jar  were 
mixed  thoroughly  and  100  grams  weighed  out,  extracted  with  water,  and  the 
nitrates  determined  by  the  Tiemann-Schulze  method.  The  remainder  of  the  soil 
was  returned  to  th^  jar  and  allowed  to  nitrify.  Nitrates  were  determined  at  other 
periods,  as  a  rule. 

In  case  ammonium  sulphate  was  used  for  the  nitrification  the  calcium  carbonate 
was  mixed  with  the  soil,  and  water  added  if  necessary.  Twenty  cubic  centimeters 
of  a  solution  of  ammonium  sulphate,  containing  1.42  grams  of  the  salt,  were  then 
added,  and  the  soil  was  thoroughly  mixed.  In  every  case  the  total  amount  of 
water  present  was  kept  at  one- third  of  the  water  saturation  capacity  of  the  soil. 

It  must  be  noted  that  the  100  grams  of  soil  taken  for  analysis  did  not  represent 
one-fifth  of  the  soil,  "since  the  total  weight  of  the  soil  was  500  grams  plus  the  weight 
of  calcium  carbonate,  water,  and  nitrogenous  substances.  Correction  has  been  made 
for  this  fact  wherever  necessary,  but  in  comparing  nitrification  in  different  samples 
of  the  same  soil  no  correction  has  been  made,  since  the  same  quantity  of  material 
was  present  in  each  case. 

INOCULATION   EXPERIMENTS. 

For  the  inoculation  experiments  a  sandy  clay  soil  was  used,  which  had  been  in  the 
laboratory  for  three  years  in  the  dry  condition.  It  was  further  sterilized  l)y  treat- 
ment with  chloroform,  followed  by  a  drying  in  an  air  bath.  Its  water  saturation 
capacity  was  34.3  per  cent;  so  11.4  i)er  cent  water  was  maintained  in  it  during  the 
tests. 

Twenty  grams  of  the  soil  used  for  inoculation  was  mixed  with  calcium  carbonate, 
and  with  cotton-seed  meal,  if  it  was  to  he  used,  in  a  porcelain  dish.  The  mixture  was 
addeil  to  500  grams  of  the  sterilized  soil,  mixed  thoroughly,  a  sufficient  quantity  of 
water  added  to  bring  the  water  content  of  the  soil  to  one-third  of  its  water  saturation 
capacity,  and  the  mixture  stirred  until  it  "appeared  uniform.  It  was  then  placed  in 
jars,  and  the  experiment  conducte<i  as  described  above. 

When  ammonium  sulphate  was  used,  the  soil  used  for  inoculation  was  mixed  with 
calcium  carbonate,  and  then  with  the  soil.  Water  was  then  added,  and  finally  20 
cc  of  the  solution  of  ammonium  sulphate  already  referred  to.  It  was  considered  pos- 
sible that  the  strong  solution  of  ammonium  sulphate  might  destroy  some  of  the  nitri- 
fying germs  if  it  came  in  contact  with  them  before  it  was  diluted. 

In  most  of  the  experiments  described  in  this  article,  the  tests  were  carried  out  in 
duplicate.  In  many  cases  the  agreement  between  the  duplicates  was  satisfactory, 
but  at  times  a  jar  would  deviate  from  the  normal.  In  such  cases  due  judgment  must 
be  used  in  selecting  the  results.  It  can  not  ]ye  expected,  in  dealing  with  microscopic 
organisms,  which  are  liable  to  vary  in  their  activity,  and  sometimes  for  no  known 
reascm,  that  the  same  agreement  can  be  obtained  as  in  ordinary  chemical  analysis. 
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Description  op  Soii^. 

1746.  Sandy  clay  soil  from  a  wheat  field  on  college  farm;  little  humus;  saturation 
csipacity,  33  per  cent. 

1746a.  A  second  sample,  taken  two  months  later. 

1747.  Sandy  clay  soil,  sterilized  as  described  previously;  used  in  all  inoculation 
experiments. 

1748.  Dark  loam  soil  from  a  peach  orchard  on  the  experiment  station  farm;  con- 
tains humus;  saturation  capacity  34  per  cent. 

1764.  Black  sandy  soil  from  the  Florida  experiment  station;  contained  only  0.5 
per  cent  of  water  when  it  arrived,  and  had  little  nitrifying  power. 

1764a.  A  second  sample,  which  had  been  kept  in  a  well-closed  fruit  jar  since  the 
summer  of  1901,  and  was  still  quite  moist. 

1766.  Loam  from  a  flower  bed  on  college  lawn;  contains  much  humus. 

1766a.  A  second  sample,  taken  three  weeks  later. 

1768.  A  garden  soil. 

1772.  Sandy  soil  from  the  test  farm  of  the  North  Carolina  department  of  agriculture 
atTarboro,  N.  C;  contained  only  1.85  per  cent  water  when  received,  but  appeared 
moist;  saturation  capacity,  27.3  per  cent. 

1779.  Poor,  light,  sandy  soil  from  college  farm;  no  humus;  saturation  capacity,  27 
per  cent. 

1780.  Rich,  dark,  sandy  soil  from  college  farm;  contains  much  humus;  saturation 
capacity,  46  per  cent. 

1781.  Black,  sandy  soil  from  garden  of  State  Chemist  B.  W.  Kilgore,  at  Raleigh, 
N.  C;  contains  much  huirus;  saturation  capacity  42.5  per  cent. 

Acknowledgment  is  hereby  made  to  Chemist  H.  K.  Miller,  of  Florida,  and  State 
Chemist  B.  W.  Kilgore,  of  North  Carolina,  for  their  kindness  in  furnishing  samples 
of  soil. 

Variations  in  the  Nitrifying  Powers  of  Soils. 

The  irregularities  referred  to  in  an  earlier  part  of  this  paper  consisted  in  variations 
in  the  nitrifying  power  of  the  same  soil.  Samples  taken  at  one  time  would  nitrify 
vigorously,  while  another  sample,  taken  a  little  later,  would  hardly  nitrify  at  all, 
under  the  same  conditions.  For  example,  a  soil  taken  from  a  wheat  field  May  28 
nitrified  143  mg  of  nitrogen  per  kilo  of  soil  in  three  weeks,  while  a  sample  of  the 
same  soil  taken  from  the  same  place  three  weeks  later  nitrified  only  20  mg  in  the 
same  time. 

Similar  irregularities  were  observed  in  inoculation  tests  with  soils.  These  varia- 
tions are  due  to  variations  in  the  number  and  in  the  activity  of  the  germs  contained 
in  the  soil.     The  causes  of  the  variations  appear  to  be  as  follows: 

1.  VaricUions  in  the  water  content  of  the  soil. — It  is  a  well  known  fat*t  that  a  decrease 
of  the  moisture  of  a  soil  below  a  certain  limit  is  prejudicial  to  the  activity  of  the 
nitrifying  organisms.  If  the  soil  dries  out,  the  organisms  die,  or  become  inactive;  if 
it  is  moist,  they  thrive  and  increase. 

2.  VariatioTia  in  iemperalure. — Prolonged  cold  decreases  the  numbers  of  the  nitri- 
fying organisms,  while  warmth  is  beneficial,  and  causes  them  to  multiply. 

3.  Abundance  of  food, — ^The  number  of  nitrifying  organisms  in  different  soils  would 
vary  somewhat  with  the  food  supply  for  them  in  the  soil. 

4.  PeriodicUy  of  the  organisms. — When  the  progress  of  nitrification  is  studied  in  soils 
under  uniform  conditions  of  moisture  and  temperature  and  plant  food,  it  is  seen  that 
there  are  periods  of  activity  of  nitrification,  preceded  and  followed  by  periods  of 
comparative  rest,  during  which  much  smaller  quantities  of  nitrates  are  produced. 
This  periodicity  will  now  be  discussed. 

Periodicity  of  Nftrification. 
In  a  number  of  experiments  conducted  during  the  course  of  this  investigation,  the 
rate  of  nitrification  was  studied  by  making  determinations  of  nitrates  in  the  soils  at 
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the  end  of  three  weeks,  and  at  the  ends  of  succeeding  weeks.  The  quantity  of 
nitrogen  oxidized  jier  week  during  each  period  shows  the  rate  oi  nitrification  in  the 
soil.  It  is  easily  seen  from  a  study  of  the  resuita  that  the  activity  of  the  organism  is 
I^riodicAl,  and  that  a  period  of  at^tivity  is  preceded  and  followed  by  a  period  of  com- 
parative inactivity.  The  periodicity  of  the  rate  of  nitrification  of  ammonium  sul- 
phate and  cotton-see^l  meal  is  shown  very  strikingly  in  the  four  curves  in  figure  3.  The 
periods  are  plotted  as  abscissae,  and  the  number  of  milligrams  of  nitrogen  oxidized 


Fig.  3.— Periodicity  of  the  rate  of  nitrification  of  ammonium  sulphate  and  cotton-seed  meal. 
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per  kilo  of  soil  per  week  during;  each  period  as  ordinates.  The  curves  were  chosen 
to  show  how  the  period  of  greatest  activity  of  nitrification  may  come  during  the  first 
three  weeks,  or  during  the  fourth  week,  or  the  fifth  week,  according  to  the  condition 
of  the  soil  at  the  time  of  starting  the  experiment. 

Table  I  exhibits  the  rate  of  nitrification  in  21  jare  of  soil,  conducted  in  nine  sets, 
and  with  organisms  derived  from  seven  different  soils. 

Table  I. — Rate  of  nUrification. 
[Nitrogen  per  kilo  of  soil  oxidized  per  week.] 


Soil  and  nutrient. 


Soil  1748,  inoculation  tests: 

Jar  56,  cotton-seed  meal 

Jar  66,  ammonium  sulphate 

Jar  57,  cotton-seed  meal 

Jar  58,  ammonium  sulphate 

Soil  1764,  inoculation  tests: 

Jar  67,  cotton-seed  meal 

Jar  68,  ammonium  sulphate. 

Soil  1766,  inoculation  tests: 

Jar  72,  cotton-seed  meal 

Jar  74,  ammonium  sulphate 

Soil  1772,  direct  nitrification: 

Jar  77,  cotton-aced  meal 

Jar  79,  ammonium  sulphate 

Soil  1772,  inoculation  tests: 

Jar  81,  cotton-seed  meal 

Jar  83,  ammonium  sulphate 

Sou  1781,  inoculation  tests: 

Jar  91,  cotton-seed  meal 

Jar  93,  ammonium  sulphate 

Sou  1781,  direct  nitrification: 

Jar  85 

Jar  87,  cotton-seed  meal 

Jar  90,  ammonium  sulphate 

Sou  1746,  direct  nitrification: 

Jar  47,  cotton-seed  meal 

Jar  49,  ammonium  sulphate 

Sou  1768.  inoculation  tests: 

Jar  62,  cotton-seed  meal 

Jar  65,  ammonium  sulphate 


First 
three 
weeks. 


Mgs, 


Fourth 
week. 


Mg». 


Fifth 
week. 


Sixth 
week. 


Total. 


HI  I 
59  ; 

109  I 
96 


106 
61 


2 

63 

1 

1 

7 

108 

3 

62 

31 

66 

25 

49 

7 

5 

90 

30 

93 

89 

IV 

7 

1 

13 

Mffs.      ' 

Mgs 

Mgs. 

9 

8 

210 

a 

;<7 

138 

ft -57  1 

5 

91 

6 

9 

148 

34  '. 

133 

8    . 

69 

1 
0    . 

185 

&-9  ,. 

1 

57 
70 

0|- 

4 

C69 

c28 


130 
70 


159 
124 


300 
319 


218 
129 


79 


a  Mean  of  fifth  and  sixth  week.        b  Denitrifieation  took  place.       <?  Mean  of  fourth  and  flftlt  weeks. 

An  examination  of  the  table  brings  out  the  following  facts: 

1.  The  rate  of  nitrification  reaches  a  maximum,  and  then  decreases. 

2.  The  decrease  in  the  rate  of  nitrification  is  not  due  to  lack  of  nitrogen  to  nitrify. 
The  soil  contains  532  mg  of  nitrifiable  nitrogen  per  kilo.  The  total  amount  of 
nitrogen  oxidized  in  each  jar  is  given  in  the  table,  and  is  less  than  half  of  the 
amount  present  in  the  soil  in  most  cases. 

3.  The  period  of  greatest  energy  of  nitrification  has  come,  as  a  rule,  in  the  fourth 
week.  This  is  the  case  with  six  of  the  nine  sets  of  soils  given  in  Table  I.  In  one 
set  it  came  in  the  fifth  week,  in  one  set  during  the  first  three  weeks,  and  in  one  during 
either  the  fourth  or  fifth  week. 
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4.  The  i)eriod  of  greatest  energy  of  nitrification  comes  at  the  same  time,  under  the 
same  conditions,  whether  the  nitrogen  to  be  oxidized  is  supplied  by  ammonium  aulr- 
phate  or  by  cotton-seed  meal. 

5.  The  quantity  of  nitrogen  oxidized  during  the  first  three  weeks  of  a  nitrification 
experiment  depends  on  the  activity  of  the  organisms  in  the  soil  taken  for  the  exper- 
iment, as  well  as  on  the  number  of  germs  present.  In  the  same  soil,  and  under  the 
same  conditions,  it  may  happen  that  a  sample  taken  at  one  time  will  oxidize  a  large 
quantity  of  nitrogen  during  the  firet  three  weeks,  while  a  later  sample  will  not  nitrify 
to  any  great  extent  during  that  time,  but  will  do  so  if  kept  a  little  longer. 

CAUSE  OF   PERIODICITY. 

The  explanation  of  the  variable  rate  with  which  nitrification  takes  place  from  time  to 
time  is  to  be  found  in  the  life  history  of  the  nitrifying  organisms.  There  seems  to  be 
a  period  of  multiplication  of  the  germs,  during  which  little  nitrification  takes  place,, 
then  a  period  of  multiplication  and  nitrification,  followed  by  a  period  of  multiplica- 
tion without  nitrification  again.  The  reasons  for  this  last  statement  will  be  devel- 
oped later.  After  a  time  the  number  of  nitrifying  organisms  no  longer  increases, 
but  diminishes,  on  account  of  the  consumption  of  nitrifiable  matters.  How  long  a 
period  of  time  it  takes  for  a  group  of  the  nitrifying  organisms  to  complete  this  cycle 
of  changes  can  not  be  stated.  The  maximum  period  of  time  required  in  any  of  the 
experiments  here  given  for  the  maximum  of  activity  of  nitrification  to  occur  was 
five  weeks. 

The  life  history  of  the  nitrifying  bacterium  has  a  parallel  in  that  of  the  bacteria 
which  assimilate  nitrogen  on  the  roots  of  legumes.  Cultivated  outside  of  the  plant,  it 
has  not  yet  been  found  possible  to  cause  them  to  assimilate  more  than  7  mg  per 
gram  of  sugar  consumed  by  them,  a  very  small  quantity.  When  growing  in  nodules 
on  leguminosa?,  according  to  Nobbe  and  Hiltner,  the  bacteria  are  in  the  nature  of 
parasites  until  they  are  transformed  into  bacteriod  forms,  and  then  the  plant  begins 
to  receive  the  benefit  of  nitrogen  assimilated  from  them.  There  thus  appears  to  be 
two  stages  in  the  life  of  this  organism,  first  a  period  of  multiplication  with  little 
assimilation  of  free  nitrogen,  then  a  period  in  which  the  form  of  the  bacteria  changes, 
and  assimilation  of  nitrogen  takes  place.  As  was  stated,  this  life  history  is  parallel 
to  that  of  the  nitrifying  organisms. 

Inoculation  Energy  of  Soils. 

By  the  inoculation  energy  of  a  soil,  we  mean  its  power  to  induce  nitrification  in  a 
sterile  soil  provided  with  nitrogenous  substances  and  kept  under  favorable  condi- 
tions. For  the  measure  of  the  inoculation  energy  of  a  soil  there  has  been  taken  the 
quantity  of  nitrates  formed  in  three  weeks  in  the  sterile  soil  used  throughout  these 
experiments',  inoculated  with  the  soil  to  be  tested .  The  method  of  conducting  inocula- 
tion tests  has  already  been  described.  The  inoculation  enei^'  of  a  soil  depends  upon 
the  number  of  germs  in  the  soil  and  on  their  activity.  Any  influence  which  decreases 
the  number  of  germs  in  a  soil  diminishes  its  inoculation  energy. 

The  inoculation  energy  of  certain  soils  or  cultures  was  studied  in  two  ways.  The 
first  experiments  consisted  in  a  comparison  of  the  inoculation  energy  of  the  soil  with 
the  quantity  of  nitrates  formed  in  it  during  the  three  weeks  previous  to  starting  the 
inoculation  test,  and  were  as  follows:  The  soils  in  Series  I  were  allowed  to  nitrify 
three  weeks  and  the  quantity  of  nitrates  in  them  determined.  Series  II  w^as  then 
prepared  by  inoculation  from  Series  I.  At  the  end  of  a  second  three  weeks  Series  II 
was  analyzed  and  inoculations  prei)ared  from  it,  forming  Series  III.  It  should  be 
stated  that  the  soils  in  Series  I  w^ere  all  inoculation  test?^,  so  that  the  soils  used 
throughout  the  exi)eriinents  are  exactly  the  same,  and  the  results  are  directly  com-* 
parable.     The  results  are  given  in  Table  II. 
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Tablb  II. — Inoculation  enerffy  of  sails. 
[Nitrogen  oxidized  per  kilo  of  soil.] 


Nutrient. 


Cotton-peed  meal 

Ammonium  sulphate 

Cotton-seed  meal 

Ammonium  sulphate 


1   Series  I. 

i 

Series  Il.a 

1 

Mgs. 

\               182 

52 

176 

15 

73 

85 

67 

32 

Senes  I II  .a 


Mgs. 


Ratio  I:  II. 

Mgs. 

3.5:1 

12:1 

2.1:1 

2.1:1 


Ratio  II: 
III. 


Mgs. 
0.6:1 
3.8:1 
2.9:1 
1.3:1 


a  Scries  II  represents  the  inoculation  energy  of  Series  I  at  the  end  of  three  weeks;  Series  III  the 
inoculation  energy  of  Series  II. 

The  ratio  of  Series  I  to  Series  II,  ind  of  Series  II  to  Series  III,  shows  the  effect  of 
dilution  of  the  actively  nitrifying  soil  with  25  times  its  w^eight  of  sterile  soil,  and 
providing  a  quantity  of  nitrogenous  matter.  The  series  was  not  carried  out  in  dupli- 
cate, and  some  of  the  variations  are  probably  due  to  a  jar  going  wrong.  Excluding 
the  greatest  variations,  the  ratio  of  the  quantity  of  nitrogen  oxidized  in  the  first  three 
weeks  to  the  quantity  oxidized  in  the  soil  inoculated  from  it  in  the  succeeding  three 
weeks  varies  from  about  2 : 1  to  3 : 1.  As  will  soon  be  seen,  however,  this  ratio  depends 
on  the  activity  of  the  inoculating  soil  or  on  the  number  of  organisms  present  in  it. 

The  second  method  of  studying  the  inoculation  energy  of  soils  consisted  in  deter- 
mining the  inoculation  energy  of  several  soils  at  different  periods  during  nitrification 
in  order  to  see  what  change  it  undergoes.  Four  jars  of  soil  were  studied  for  the 
main  experiment.  They  were  kept  under  standard  conditions  and  nitrates  deter- 
mined in  samples  taken  at  the  end  of  three,  four,  five,  and  six  weeks,  respectively. 
At  the  end  of  three  weeks  Series  II  was  prepared  by  inoculation  from  Series  I.  At 
the  end  of  four  weeks  Series  III  was  prepared  from  Series  I,  and  Series  IV  was 
prepared  at  the  end  of  the  fifth  week.  The  quantity  of  nitrogen  in  the  form  of 
nitrates  in  the  soils  of  Series  II,  III,  and  IV  at  the  end  of  three  weeks  represents, 
therefore,  the  inoculation  energy  of  the  soils  of  Series  I  at  the  end  of  different  periods 
of  time.  The  unbroken  curves  in  figures  4  and  5  show  the  change  in  the  inoculation 
energy  of  the  four  samples  of  soils  with  time.  The  inoculation  energy  of  the  soils 
increases  regularly  with  the  time  during  which  nitrification  takes  place.  It  might 
be  imagined  that  the  inoculation  intensity  of  a  soil  would  vary  somewhat  as  its 
energy  of  nitrification,  but  this  is  not  the  case,  as  may  be  seen  by  comparing  figures 
3  and  4.  During  the  fifth  week  the  nitrification  intensity  of  the  soil  is  very  much 
lower  than  during  the  fourth  week,  while  its  inoculation  intensity  is  higher  than 
before. 

There  seems  to  be  a  very  close  relation  between  the  inoculation  intensity  of  a  soil 
and  the  total  quantity  of  nitrogen  oxidized  in  it,  as  can  be  seen  by  comparing  the 
unbroken  curves  in  fig.  4  with  the  broken  curves,-  which  represent  the  total  quantity 
of  nitrogen  oxidized.  Even  in  the  cuse  in  which  denitrification  took  place  (jar  57) 
the  inoculation  intensity  of  the  soil  exhibits  a  decrease  corresponding  with  the 
decrease  in  the  total  quantity  of  nitrates  in  the  soil.  Table  III  contains  the  figures 
which  w^ere  obtained  in  the  inoculation  experiment,  and  also  gives  the  results  of  an 
experiment  on  soil  No.  1781,  which  leads  to  the  same  conclusion  as  the  other  one. 
It  gives  the  inoculation  energy  of  the  soils  at  the  end  of  each  period,  and  also  the 
total  quantity  of  nitrates  present  in  them. 


Digitized  by 


Google 


128 


Fig.  4.— Inoculation  energy  of  soils  and  total  nitriflcation  (cotton-seed  meal). 


Digitized  by 


Google 


129 


Fio.  5.— Inoculation  energy  of  soils  and  total  nitrification  (ammonium  Hulphate). 
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Table  III. — Effect  of  time  on  inoculation  energy, 
[Nitrogen  oxidised  per  kilo  of  soil.] 


Nutrient. 


SericH   A,  derived   from   soil 
No.  1748: 
Jar  55,  cotton-seed  meal  . . 
Jar56,  ammonium  sulphate 
Jar  57,  cotton-seed  meal . . . 
Jar  58,  ammoniimi  sulphate 

Series  B,  derived   from  soil 
No.  1781: 
Jar  91,  cotton-seed  meal . . 
Jar  92,  cotton-seed  meal . .  J 
Jar  93,  ammonium  sulphate 
Jar  94,  ammonium  sulphate' 


Three  weeks. 


Total 
nitrifica- 
tion. 


Inocula- 
tion 
cnergry. 


Four  weeks. 


Total 
nitrifica- 
tion. 


M{/8. 

62 
15 
35 
32 


113 
75 
24 


Mffs. 


Mgs. 
81  193 

4  '  63 


115 


60 


144 
128 


159 
171 
124 
138 


Inocula- 
tion 
energy. 


Mgti. 
141 
67 
158 
147 


123 
131 
75 
139 


Five  weeks. 


Total 
nitrifica- 
tion. 


Mgs. 
202 


86 
133 


Inocula- 
tion 
energy. 


Mqb. 

205 

219 

97 

153 


Six 

weekjs — 
total 

nitrifica- 
tion. 


Mg^, 


210 
188 
91 


All  examination  of  the  table  leads  to  the  following  conclusion: 

1.  The  inoculation  energy  of  a  soil  provided  with  nitrifiable  matter,  and  kept  under 
favoral)le  conditions,  increases  with  time. 

2.  The  inoculation  energy  of  the  soil  has  a  close  relation  to  the  total  quantity  of 
nitrogen  oxidized  in  the  soil. 

3.  The  ratio  of  the  total  quantity  of  nitrogen  oxidized  in  the  soil  to  its  inoculation 
eneiigy  decreases  from  3 : 1  or  2 : 1  in  three  weeks,  to  1 : 1  in  longer  periods. 

4.  This  ratio  depends  to  some  extent  on  the  inoculation  energy  of  the  soil. 

CAUSE   OF   VARIATIONS   IN   INOCULATION   KNIlRGY. 

The  changes  in  the  inoculation  energy  of  a  soil,  as  described  above,  are  probably 
due  to  the  following  causes: 

1.  Iiicreas<e  in  the  number  of  germs  present  in  the  soil. — In  a  soil  provided  with  an 
almndance  of  food  for  the  nitrifying  organisms,  and  kept  under  favorable  conditions, 
it  is  self-evident  that  the  numl^er  of  the  bacteria  will  increase,  for  a  time  at  least. 
This  increase  seems  to  continue  during  the  whole  period  of  time  taken  in  the  study 
of  the  changes  in  the  inoculation  energy  of  the  soils.  In  time,  the  number  of  bacteria 
must  remain  stationary,  and  then  begin  to  decrease  as  the  food  supply  diminishes. 

2.  Increase  in  the  actiiiiy  of  the  organisms. — At  the  same  time  that  the  number  of 
nitrifying  organisms  increases,  there  seems  to  be  an  increase  in  their  activity.  They 
either  multiply  more  rapidly,  or  grow  in  power  to  nitrify.  There  may  be  some  con- 
nection between  this  change  and  the  periodicity  which  we  have  observed  in  the  rate 
of  nitrification  of  ammonium  sulphate  and  cotton-seed  meal.  It  is  also  analogous  to 
the  increase  in  activity  or  "virulence"  of  nitrogen-assimilating  bacteria  under 
cultivation. 

Nature  of  the  Nitrifying  Organisms. 

In  previous  articles  from  this  station,  already  referred  to,  it  has  been  shown  that 
some  soils  nitrify  cotton-seed  meal  to  a  greater  extent  than  ammonium  sulphate  in 
three  weeks,  while  with  other  soils  ammonium  sulphate  is  oxidized  more  rapidly. 
The  explanations  a^lvani'ed  for  this  fact  have  already  l)een  given.  The  experiments 
now  to  Ik^  (lescril)c(l  were  designed  to  test  the  third  hyp)othesis,  namely,  that  there 
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are  oi^ganisms  which  convert  oi^ganic  matter  directly  to  nitritee,  as  well  as  those 
which  oxidize  ammonium  salts  to  nitrites. 

In  the  first  place,  Is  the  difference  in  the  rate  of  nitrification  of  cotton-seed  meal 
and  ammomnm  salphaAe  due  to  the  nature  of  the  soil,  or  to  the  nature  of  the  organ- 
iams  in  it?  The  answer  to  this  question  b,  that  the  difference  is  due  most  largely  to 
tbe  geniMS  tfaooi^  the  naliive  of  the  mi  is  not  without  its  influence. 

The  experimffita  wMdi  kad  to  this  answer  are  based  ob  the  following  consider- 
ations: If  different  samples  of  a  sterile  soil  are  inoculated  with  the  germs  from  a 
variety  of  soils,  and  allowed  to  nitrify  ammonium  sulphate  and  cotton-seed  meal 
under  exactly  the  same  conditions,  there  will  be  no  difference  in  the  relative  amounts 
of  cotton-seed  meal  and  ammonium  sulphate  nitrified,  unless  the  oi^ganisms  derived 
from  the  different  soils  are  different  That  is  to  say,  the  soil  and  other  conditions  of 
the  experiment  do  not  vary,  with  the  exception  of  the  germs,  which  do  vary. 

Table  IV  contains  the  results  of  these  experiments.  The  table  shows- the  number 
of  milligrams  of  nitrogen  in  the  form  of  ammonium  sulphate,  and  in  the  form  of 
ootton-seed  meal,  oxidized  in  tiiree  weeks  in  the  same  sterilized  soil  inoculated  with 
a  number  of  soils. 

Tabls  IV. — Bdative  amounts  of  coUon-aeed  meal  and  ammonium  mUphaie  nitrified  by 

inoculalian  of  a  8oil. 

[Nitrogen  oxidized  per  kilo  of  soil.] 


Soil  used  for  inoculation. 


Loam  soil,  1748 

Sandy  clay  soil.  1746a. . 
Black  flandysoU,  1764a 

Loam  soil,  1776a 

Sandy  soil,  1772 

Black  sandy  soil,  1781 . 


Cotton-seed 
meal. 


Ammo- 
nium 
sulphate. 


M08. 


78 
100 
99 
29 
28 
100 


Mg». 


Ratio. 


1.-0.9 
1K).6 
1:0.6 
1K).3 
1:0.4 
1:0.8 


The  relative  amounts  of  cotton-seed  meal  and  ammonium  sulphate  nitrified  varies 
from  1:0.3  to  IK). 9,  according  to  the  soil  used  for  the  inoculation.  This  variation  is 
certainly  evidence  that  the  variation  in  the  comparative  rate  of  nitrification  of 
ammonium  sulphate  and  cotton-seed  meal  is  due  to  variations  in  the  organisms  in 
different  soils.  That  is  to  say,  it  seems  that  there  are  two  classes  of  nitrifying 
bacteria. 

When  the  nitrification  in  the  inoculated  soils  is  allowed  to  continue  for  a  longer 
period  of  time  than  three  weeks,  the  relative  amount  of  nitrogen  oxidized  sometimes 
varies.  Table  V  exhibits  the  variation  in  the  relative  amounts  of  nitrogen  oxidized 
in  varying  times  in  ammonium  sulphate  and  cotton-seed  meal.  The  sterile  soil  pre- 
sents conditions  &ivorable  to  the  development  of  both  classes  of  organisms,  and  we 
might  expect  both  to  develop  vigoroosly,  but  this  does  not  prove  that  there  is  no 
difference  in  the  oi^ganisms  which  effect  nitrification  in  different  soils.  £ven  if  we 
exclude  the  cases  of  variation,  there  is  sufficient  evidence  to  establish  the  point  that 
there  is  a  difference. 
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Tablk  v. — Effort  of  time  on  nUrifiraiion  of  cotton-need  meal  and  ammonium  sulpluile  in 

inocnlated  soil. 

[Nitn»Kt'n  oxidized  per  kihi  of  soil.] 


Soil 


17U«i 


17W.... 

1171.... 

17S1.... 


Time. 


Wc(ki<. 


Five.. 

Six  ... 

SfVeii  , 

Tliree 

Four.. 

Five.. 

Four.-. 

Five. 

Three. 

Four.. 

Five.. 

Thre<'. 

Four. . 

Tlin-e. 

Four.. 


Cotton 


Mgs. 


n- 
eal. 

Ammo- 
nium 
sulphate. 

Mm- 

Ratio. 

100 

;»3 

1:0.5 

104 

156 

1:1.5 

129 

187 

1:1.5 

3 

7 

al:2.3 

16 

15 

1:1 

80 

79 

1:1 

99 

61 

1:0.6 

la^ 

74 

1:0.6 

29 

7 

1:0.3 

13-1 

68 

1:0.5 

435 

76 

1:0.6 

23 

10 

1:0.4 

130 

70 

1:0.5 

100 

84 

1:0.8 

1(>5 

131 

1:0.8 

«'  F^xeluded  on  aecount  of  tlie  small  amount  of  nitrification  durinjf  this  period. 

Another  evi<len(v  in  favor  of  the  view  that  there  are  variations  in  the  nitrifying 
oi^rani.snis  in  soils  is  offered  h\  a  comparison  of  the  relative  amounts  of  cotton-geed 
meal  and  ammoniuni  sulphate  nitrified  in  the  soil  itself,  and  in  the  soil  inoculated 
from  it.  The  figures  are  given  in  Table  VI.  It  is  seen  at  a  glance  that,  though  the 
ratio  of  nitrification  of  ammonium  sulphate  anil  cotton-seed  meal  varies  from  soil  to 
soil,  there  is  comparatively  little  variation  from  a  soil  to  its  inoculation  This  is  a 
further  evidence  that  the  variations  are  due  to  the  germs  in  the  soils. 

Tahlk  at. — lidat'nr  fnnou)iti<  of  rottoji-aerd  meal  and  ammonium  ttulphale  nitrified  in 
i<oili<  and  iti  inondations  from  them. 

[Nitrojren  oxidized  per  Itilo  of  soil.] 


Soil 
No. 


Mrthod. 


Cotton- 
seed meal. 


Ammo- 
nium 
sulphate. 


Ratio. 


Mi/>'. 


MlJt^. 


Direet 

IiKKulatiun 

Direct  

IniMMilation 

Dirert  

Inoculation 

Diri'ct 

IiKK-ulation 


212 

73 

176 

1(X) 

5 

23 
2M  I 
105  I 


176 
66 
77 
53 


1:0.8 

1:0.9 

1:0.45 

1:0.53 

1:0.6 

1:0.6 

1:0.9 

1:0.9 


If  there  are  two  chus^es  of  nitrifying  organisms  in  the  soil,  it  should  ))e  ]>ossibIe  to 
increa.^e  the  relative  numbers  of  one  claims  ))y  the  cultivation  of  it  in  a  soil  contain- 
ing cotton-seed  meal,  and  the  relative  numbers  of  the  other  class  by  cultivation  in  a 
soil  containing  aininoiiinm  sulphate. 

If  soils  containing  c<>tt<»n-seed  meal  and  anniioninni  sulphate  are  inocidated  from 
these  cultuH'S,  tlie  relative  amt units  of  cotton-seed  meal  and  ammonium  sulphate 
nitrified  shoul<l  be  different  in  the  two  cultures,  though  they  are  both  derived  orig- 
inally from  the  same  soil.     This  experiment  has  been  tried  and  has  succeeded,  and 
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the  results  or  the  work  are  given  in  Table  VII.  In  eacli  caae  the  cultures  nm<le  in 
cotton-seed  meal  nitrifie<i  a  projK)rtionally  larger  quantity  of  cotton-sivd  meal  than 
tlie  cultures  made  with  ammonium  sul[)hate.  Also,  the  cultures  made  with  ammo- 
nium sulphate  nitrified  a  larger  proportion  of  the  nitrogen  in  the  form  of  ammonium 
sulphate  than  in  the  form  of  cotton-eeed  meal.  It  is  thus  i)os>il)le  to  increase  the 
relative  numbers  of  the  one  group  of  organisms  by  cultivating  them  in  a  soil  pro- 
vided with  the  appropriate  food. 

T.\BLE  VII. — Effect  of  cultivating  the  organism  on  the  relative  amoutitu  of  cottonseed  meal 
and  aminoyiium  sulphate  nitrified. 

[Nitrogen  oxidized  per  kilo  of  .soil.] 

Cntti^n      '     Ammo-     ! 

3/.7.         '        Mil.        ' 


Conditions. 


■m\ 

10-2  1 

1:0.7 

189 

.■oo. 

190  1 

200  1 

l:1.0.-> 

'^i 

3| 

1:0.6 

■^-J 

70  ! 

1:0.4 

i.-w 

\U  '. 

130  1 

47    . 

113  1 

41 

1:0.3 

lis 

70    . 

111 

57    . 

116 

(V4 

1 

1:0.6 

Si't  I  (1746): 

Direct,  5  weeks i  176  ■  76  1:0. 5 

Inoculation,  5  weeks j  13:>  ;  194  1:1.4 

Grown  in  cotton-«»od  meal I  22r>  '  l.'»7 

I  240  i  167  ' ".. 

Mean 

Grown  in  ammonium  sulpliate 

Mean 

Set  II  (1772): 

Direct 

Inoculation 

Grown  in  cotton-.««eed  meal 

» 

Mean 

Grown  in  ammonium  sulphate 

Mean 

An  attempt  might  be  made  to  explain  the  preceding  statements  on  the  theory  that 
two  groups  of  organisms  take  part  in  the  process  of  nitrification  in  soils,  one  group 
which  nitrifies  ammonium  salts,  and  one  which  prepares  organic  matter  for  the  first 
group  by  converting  it  into  ammonium  salts.  Undoubtedly  both  class(»s  of  orgimisms 
of  this  kind  do  exist  in  soils.  When  the  organisms  are  cultivated  in  a  soil  contain- 
ing ammonium  sulphate,  the  germs  which  prepare  cotton-seed  mejil  for  nitrification 
increase  only  at  the  expense  of  the  organic  matter  in  the  soil,  and  so  the  soil  loses  in 
power  to  nitrify  cotton-s<»eil  meal  and  gains  in  power  to  nitrify  ammonium  suli>liate. 
When  the  organisms  are  cultivate<l  in  a  medium  containing  cotton-secni  meal,  the 
organisms  which  prepare  organic  matter  for  nitrification  increase,  and  so  the  soil 
gains  in  |)Ower  to  nitrify  cotton  seed  meal.  But  just  here  the  theory  fails  to  explain 
all  the  facts.  Any  increase  in  the  power  of  a  soil  to  nitrify  cotton-seed  meal  nnist, 
according  to  this  theory,  be  conditioned  on  an  increase  in  the  power  or  number  of 
the  genns  which  oxidize  ammonium  salts,  since  the  cotton-see<l  meal  is  first  con- 
verted into  ammonium  salts.  But  our  exi^eriments  show  that  an  incren-^e  in  the 
ix)wer  to  nitrify  cotton-seed  meal  is  accompanied  with  a  decrease  in  power  to  nitrify 
ammonium  sulphate.  This  fact  can  not  be  reconciled  with  the  above  theory,  but  is 
in  favor  of  the  view  that  soils  contain  organisms  which  nitrify  organic  matter 
directly.  It  is  very  evident  that  the  process  of  nitrification  is  a  very  comj)lex 
phenomenon,  participated  in  by  a  number  of  (^lasses  of  bacteria. 
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Drterhination  of  thb  Nitbipting  Power  of  Soils. 

The  work  recorded  in  this  paper  serves  as  the  basis  for  a  method  of  determining 
the  relative  nitrifying  power  of  two  or  more  soils.  In  order  to  compare  the  nitrify- 
ing power  of  two  soils,  it  is  necessary  that  they  should  be  placed  under  fovorafcAe 
conditions  for  nitrification,  the  conditions  being  exactly  alike  for  both  soils.  Each 
soil  should  contain  the  same  number  of  orgoBiflms  of  BitrifiealioB,  with  ihe  aame 
degree  of  activity,  and  the  temperature,  water  content  of  the  soil,  and  other  condi- 
tions should  be  the  same. 

The  nitrifying  power  of  two  soils  may  be  compared  in  two  ways.  Of  these  the 
second  is  to  be  preferred,  since  it  gives  more  exact  results: 

Method  L — By  comparison  of  direct  nitrification  and  inoculation  tests.  Nitrifica- 
tion experiments  and  inoculation  tests  are  made  on  the  soil  as  it  comes  from  the 
field  by  methods  described  in  the  earlier  part  of  this  paper.  The  sterilized  soil  used 
for  the  inoculation  tests  should  be  of  good  quality.  If  the  soil  is  of  good  quality, 
the  quantity  of  ammonium  sulphate  and  cotton-seed  meal  nitrified  in  it  directly  in 
three  weeks  should  be  two  to  three  times  the  quantity  nitrified  in  the  inoculation 
tests,  but  if  the  soil  is  of  poor  quality,  nitrification  will  go  on  more  rapidly  in  the 
inoculated  soil  than  in  the  soil  itself,  although  the  inoculated  soil  starts  with  only 
one  twenty-fifth  as  many  nitrifying  germs.  The  application  of  the  method  is  illus- 
trated in  Table  VIII.  In  two  of  the  soils  the  ratio  of  the  nitrogen  oxidized  in  the 
soil  and  in  the  inoculation  from  it  is  between  2:1  and  3:1,  while  in  the  soils  which 
are  not  such  favorable  mediums  for  nitrification  the  ratio  is  betw^een  0.4:1  and  0.1:1. 
In  the  case  of  soil  No.  1772  a  continuation  of  the  experiment  for  a  fourth  week 
shows  that  it  is  a  much  more  favorable  medium  for  the  nitrification  of  cotton-seed 
meal  than  ammonium  sulphate.  As  stated,  the  second  method  now  to  be  described 
is  to  be  preferred  for  the  determination  of  the  nitrifying  power  of  soils.  ' 

Tablb  VIII. — Relative  amounU  of  nitrogen  oxidized  in  soils  and  in  inoculaiians. 


Condi  tlonn. 


Di»ct.        ^^       R.UO. 


GOOD  SOILS. 

1748,  loam  soil,  with  humus: 

Cotton-seed  meal 

Ammonium  sulphate 

1781,  garden  soil,  rich  in  humus: 

Cotton-seed  meal 

Do 

Ammonium  sulphate 

Do 

POOR  80IIJ). 

1741,  loam  soil,  little  humus: 

Cottonseed  meal 

Ammonium  sulphate 

1772,  sandy  soil: 

Cotton-seed  meal 

Do 

Ammonium  sulphate 

Do 

1792,  4  weeks: 

Cotton-seed  meal 

Do : 

Ammonium  sulphate 

Do 


182 

78 

2.5:1 

176 

67 

2.7:1 

270 

9S 

2.9:1 

299 

118 

2.6:1 

256 

75 

8.4:1 

281 

94 

8.0:1 

87 

102 

0.3:1 

20 

53 

0.4:1 

7 

21 

0.8:1 

2 

24 

0.1:1 

3 

8 

0.3:1 

S 

12 

0.2:1 

70 

166 

0.4:1 

61 

180 

0.5:1 

4 

70 

0.06:1 
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Mdhod  II. — In  this  methcxi  the  soils  to  be  tested  are  comi>aretl  in  their  nitrifying 
power  with  some  standani  soil,  of  good  (luality,  a  large  supply  of  which  has  Ijeen 
secured.  All  of  the  soils  are  sterilized  by  heating  at  a  moderate  temperature  for 
some  time,  treated  with  chloroform,  and  heate<i  again  to  drive  off  the  chloroform. 
The  heat  used  in  drying  the  soil  should  not  be  too  high.  Determinations  of  the 
water  saturation  ca^^acity  of  the  soils  are  made.  Inoculation  tests  are  then  instituted 
on  the  soils  as  described  in  the  earlier  part  of  the  paper.  All  the  soils  to  be  com- 
pared should  be  inoculated  at  the  same  time  and  with  the  same  soil,  so  that  each 
jar  of  soil  will  contain  exactly  the  same  number  of  nitrifying  organisms  with  the 
same  inoculation  energy.  As  the  number  and  inoculation  energy  of  nitrifying 
oiiganisms  in  a  soil  are  subject  to  variations  from  day  to  day,  it  would  not  do  to 
inoculate  some  of  the  soils  one  day  and  the  remainder  the  next,  but  with  every  set  of 
soils  a  comparison  should  be  made  with  the  standani  soil. 

At  the  end  of  three  weeks  a  determination  of  nitrates  is  made  in  every  sample  of 
soil,  and  since  all  conditions  are  the  same,  with  the  exception  of  the  soils,  the  results 
are  directly  comparable,  and  represent  the  nitrifying  power  of  the  soils.  If  the 
soil  used  for  the  inoculation  has  a  low  inoculation  intensity,  the  time  of  the  experi- 
ment should  be  extended.  Table  IX  shows  the  application  of  this  method  to  the 
determination  of  the  relative  nitrifying  power  of  three  soils. 

Table  IX. — Relative  nitrifying  powers  of  sails. 
[Nitrogen  oxidized  per  kilo  of  soil.] 


Nutrient. 

Poor  sandy 

soil,  No. 

1779. 

Rich  sandy 

soil.  No. 

1780. 

^»-^--      RaUo. 

Cotton-seed  mefll 

Mffs. 

2 
2 

Mgs. 
116 

Do 

.::::::::t:::::::::: 

^ 1 

Mean 

2 

116  1 !             1:56 

Ammonium  sulphate 

3 
3 

68 
77 

71  , 

Do 

84  1 

t 

Mean 

3 

73 

77  1        1:24:26 

With  these  soils  the  quantity  of  water  used  was  one-third  of  their  saturation  capac- 
ity, which  of  course  varies  for  the  different  soils.  Whether  this  quantity  of  water 
should  always  be  used  or  not,  must  be  decided  by  subsequent  exix?rinients. 

Referring  to  the  table,  it  is  seen  that  the  iK)or  sandy  soil  has  little  power  of 
nitrification.  The  sandy  soil  used  to  illustrate  Method  I  has  also  little  power  of 
nitrification,  and  less  for  ammonium  sulphate  than  cotton-seed  meal.  On  the  other 
hand,  the  sandy  soil  in  Table  IX,  which  contains  much  humus,  ha«  a  high  power  of 
nitrification.  These  results  illustrate  the  importance  of  a  study  of  the  comparative 
nitrifying  powers  of  soils. 

Mr.  EwELL.  1  would  like  to  ask  Mr.  Fraps  one  or  two  questionn. 
How  are  the  moisture  and  temperature  controlled? 

Mr.  Fraps.  By  weighing  the  jar  containing  the  soil  and  replacing 
the  water  lost  twice  a  week.  The  jar  was  placed  in  a  water  bath  and 
kept  as  nearly  as  possible  at  So'^  C. 

Mr.  EwELL.  What  was  the  quantity  of  soil  used? 

Mr.  Fraps.  Five  hundred  grams.  All  the  details  will  be  found  in 
the  paper  as  published  in  full. 

Mr.  Van  Slyke.  I  move  that  we  adjourn  until  1.30  p.  m. 

The  motion  prevailed  and  the  meeting  adjourned  at  12  o'clock  noon. 
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PEIDAY— APTEENOON  SESSION. 

The  meeting  was  called  to  order  by  the  president  at  1.30  p.  ni. 

The  President.  If  there  is  no  objection,  we  will  proceed  with  the 
discussion  on  soils. 

Mr.  Veitch.  I  have  been  much  interested  in  the  question  of  soil 
acidity  and  in  the  method  with  which  Mr.  Hopkins  has  been  working. 
In  the  Bureau  of  Soils  we  also  have  been  working  on  methods  for  the 
determination  of  acidit^^  It  seems  to  me  that  the  first  thing  we  need 
to  do  is  to  define  acidity  and  settle  upon  an  indicator  which  shall  be 
the  standard  by  which  to  judge  the  reaction  of  soils.  Many  of  the 
acids  that  may  be  present  in  soils  are  so  weak  that  the}'  give  no  cer- 
tain reaction  with  most  indicators,  except  in  concentrations  greater 
than  probably  exist  in  most  soil  solutions.  After  a  great  deal  of 
experimenting  with  man}-  indicators  I  have  adopted  the  following 
method  for  determining  the  reaction  of  a  soil: 

Ten  Krams  of  soil  are  treated  with  100  cc  of  distilled  water  in  a  Jena  flask  and 
allowed  to  stand  overnight.  Fifty  cc  of  the  supernatant  liquid  are  carefully  drawn 
off  and  boiled  with  a  few  drops  of  phenolphthalein  in  a  covered  Jena  beaker  until 
the  appearance  of  the  pink  color  or  to  a  volume  of  about  5  cc  with  no  development 
of  color.  The  pink  color  shows  the  soil  to  be  alkaHne,  while  no  color  shows  it  to  be 
acid  or  neutral. 

For  the  quantitiv^e  determination  of  a  soil  acidity  I  use  the  follow- 
ing method: 

To  three  portions  of  soil,  each  consisting  of  as  many  grams  a,s  the  standard  lime- 
water  contains  milligrams  of  lime  (GaO)  per  cc,  add  50  to  60  cc  of  distilled  water  and 
different  amounts  of  standard  limewater.  For  example,  to  the  first  add  10  cc,  to  the 
second  20  cc,  and  to  the  third  30  cc  of  limewater.  Dry  down  at  once  on  the  steam 
bath,  transfer  to  stopi)ered  Jena  flasks  with  100  cc  of  distilled  water,  allow  to  stand 
overnight,  with  occasional  shaking,  draw  off  or  filter  off  50  cc,  i)lace  in  a  Jena  Ixiaker, 
add  a  few  drops  of  phenoli)hthalein  solution,  and  boil  until  the  a])i)earance  of  the 
pink  color,  or  in  case  no  color  is  develope<l,  to  a  volume  of  alxiut  5  cc.  Then  with 
the  two  portions  of  treate<l  soils,  one  of  which  has  been  rendertMl  alkaline  by  the 
limewater  and  the  other  of  which  is  still  acid,  as  guides,  prepare  three  fresh  por- 
tions of  10  grams  each  and  add  limewater  as  before,  except  that  the  amount  a<lded 
to  a  dish  differs  from  that  added  to  another  by  only  1  or  2  cc.  Dry,  take  up  with 
100  cc  of  water,  allow  to  stand,  draw  off,  and  treat  exactly  as  before.  The  smallest 
amount  oMimewater  which  gives  the  characteristic  pink  color  is  taken  as  the  acidity 
equivalent  of  the  soil.  Kach  cubic  centimeter  of  standard  limewater  is  e<|Uivalent  to 
an  acidity  of  0.01  jwr  cent  expressed  as  calcium  oxid. 

The  method  has  becMi  appli(Hl  to  quite  a  number  of  soils  with  very 
satisfactory  results.  So  far  we  have  had  no  opportunity  to  observe 
the  effect  on  crop  production  of  applications  of  lime  in  the  amount 
called  for  by  the  method.  In  quite  a  number  of  determinations  of  the 
reaction  of  the  soils  of  clover  (red)  fi(»lds  I  have  never  found  the  acidity 
of  those  portions  bearing  a  vigorous  crop  to  exceed  0.0013  gram  of 
calcium  oxid  per  10  grams  of  soil,  while  no  clover  wa,s  found  on  those 
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portions  of  the  field  having  an  acidity  equal  to  0.002  gram  or  more 
calcium  oxid  per  10  grams  of  soil,  though  these  portions  ma}'  have 
been  only  1  or  2  feet  distant  from  the  first-mentioned  portions  bear- 
ing ^  good  growth.  These  results  lead  me  to  hope  that  the  method 
has  an  agricultural  significance.  Work  along  this  line  has  been  planned 
for  the  coming  year. 

Mr.  Wiley.  I  have  been  much  interested  in  the  papers  on  soils  and 
in  the  discussion.  Of  course  we  all  recognize  the  fact  that  the  soil  is 
the  most  important  subject  of  agricultural  research,  in  one  sense  of 
the  word  at  least,  and  that  the  methods  which  the  physicists  and  chem- 
ists devise  for  the  amelioration  of  tHe  soils  are  not  onl}'  of  scientific 
interest  but  of  immense  economic  importance.  The  surface  of  the 
earth  instead  of  growing  larger  is  growing  smaller;  therefore,  as  the 
area  of  the  earth  can  not  be  increased  with  the  increasing  population 
and  demand  for  food  unless  we  have  some  method  for  increasing  the 
productivity  of  the  soil,  the  time  will  come  when  the  limit  to  popula- 
tion will  be  determined  by  the  supply  of  food.  The  great  question  is 
how  to  increase  the  productivity  of  the  soil.  One  of  the  important 
works  of  agricultural  engineering  is  found  in  irrigation,  by  which  we 
may  increase  the  areas  which  can  be  used  for  agricultural  purposes. 
Therefoi:^,  it  seems  that  we  must  look  in  part  to  this  source  to  increase 
the  food  supply.  It  is  necessary,  first,  to  increase  the  productivity  of 
the  areas  which  are  already  under  cultivation,  and  second,  to  make 
those  areas  available  which  by  reason  of  insufficient  rainfall  are  not 
tillable.  We  know  what  scientific  agriculture  has  done  in  the  wa}^  of 
conserving  plant  foods  and  in  supplying  additional  plant  foods  to  the 
soil.  All  of  the  problems  which  have  been  presented  in  these  papers 
are  of  enonnous  importance  in  these  investigations.  Little  was  known 
in  a  practical  way  about  soil  acidity  until  the  investigations  of  the 
Rhode  Island  station  brought  out  the  relative  acidity  of  soils.  Twelve 
years  ago  we  studied  in  Florida  absolutely  sterile  soils,  and  in  the 
potted  soils  of  that  region  the  plants  would  make  a  vigorous  start  for 
a  few  days,  but  would  never  reach  maturity.  Of  course  the  trouble 
here  was  that  the  acidity  of  the  soil  prevented  nitrification.  The 
investigations  at  the  Rhode  Island  station  showed  how  fields  which 
were  very  sterile  could  be  made  productive  by  correcting  the  acidity  of 
the  land.  Now  we  have  these  investigations  to  determine  the  degree 
of  acidity,  which  we  listened  to  this  morning,  so  that  the  farmer  may 
not  only  be  able  to  tell  whether  his  soil  is  acid,  but  how  much  calciimi 
carbonate  or  lime  may  be  needed  to  correct  this  condition. 

The  distribution  of  the  crops  is  largeh'  determined  by  the  character 
of  the  soil.  The  old  discussion  as  to  whether  you  can  tell  anything 
about  a  soil  by  chemical  and  physical  tests  has  also  been  brought 
before  us  this  morning.  The  soil  when  left  to  itself  does  determine 
the  character  of  the  native  crop.     The  character  of  the  natural  growth 
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of  the  forest  is  largely  determined  in  any  given  locality  by  the  nature 
of  the  soil  itself.  I  was  brought  up  in  a  locality  where  we  had  almost 
all  kinds  of  forest  trees  and  the  growth  of  the  forest  depended  largely 
on  the  condition  of  the  soil.  The  best  way  to  study  the  effect  which  a 
soil  itself  produces  upon  a  crop  is  to  go  into  the  forest  and  see  what 
it  does  in  the  natural  state  and  afterwards  study  it  in  an  artificial 
condition. 

We  know  that  pine  trees  grow  in  the  sand,  where  maple  and  oak 
trees  will  not  grow,  and,  when  left  to  natural  causes  in  the  struggle 
for  existence,  that  plant  which  is  best  adapted  to  the  soil  and  the  rest  of 
the  environment  is  the  one  that  survives.  It  is  clear  to  all,  I  think, 
that  we  should  study  and  know  the  influence  of  the  soil  upon  the  char- 
racter  and  growth  of  the  crop  which  is  to  be  grown  upon  it.  We  all 
know  that  the  soil  which  is  suitable  for  growing  vegetables  is  not  best 
jEulapted  to  wheat  growing.  More  clay  is  required  for  wheat.  It  is 
either  a  question  of  plant  food  in  the  soil  or  the  physical  state  of  the 
soil  which  determines  this.  The  physical  state  of  the  soil  is  largely 
influential  in  determining  these  natural  growths.  We  know  that  oak 
trees  grow^  on  stiff  flat  soil,  while  maples  and  poplars  grow  in  the 
open  porous  soils.  In  southern  Indiana,  years  ago,  the  people  would 
not  try  to  grow  wheat  on  fields  from  which  oak  trees  were,  cleared. 
They  thought  wheat  would  not  grow  where  the  oak  trees  grew — in  a 
flatstiff  soil — but  that  it  must  be  grown  on  rolling  limestone  land  where 
the  maples  grew.  Early  settlers  would  first  go  where  the  maple  trees 
grew,  and  you  will  notice  that  where  the  oak  trees  grew  was  the  last 
place  to  be  settled.  These  flat  fields  are  now  really  more  productive 
than  the  rolling  lands.  By  adding  phosphoric  acid  to  the  soil  the  finest 
wheat  in  Indiana  is  grown  on  the  flat  lands  to-day. 

The  soil  is  useful  in  proportion  to  its  fertility,  granted  that  the  kind 
of  crop  that  is  suitable  to  the  soil  is  grown.  The  farmers  learned  to 
recognize  this  fact,  and  where  they  formerly  produced  from  8  to  10 
bushels  of  wheat  per  acre  they  are  now  getting  from  80  to  40  bushels 
per  acre. 

The  magnitude  of  the  crop  is  determined  chiefly  by  the  amount  of 
plant  food  available  in  the  soil.  I  have  studied  this  particularly  in  the 
case  of  one  or  two  standard  crops,  esi)ecially  in  the  case  of  the  sugar 
beet.  I  find  that  of  all  the  factors  which  go  to  make  a  rich  sugar  beet 
the  soil  is  the  least  important,  but  of  those  which  go  to  make  a  big  crop 
of  lKH»ts  the  soil  is  the  most  important.  Aside  from  the  principles 
which  I  have  enumerated,  of  the  natural  selection  of  plants  for  soils, 
it  is  evident  that  the  soil  is  improved  under  artificial  conditions  in 
proportion  as  it  will  produce  larger  crops,  while  under  these  same  con- 
ditions the  character  of  the  crop  is  determined  largely  by  what  w^e  call 
meteorological  conditions.  In  the  case  of  the  sugar  beet,  granting 
that  the  soil  will  produce  a  standard  crop,  say  10  tons  per  acre,  the 
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amount  of  sugar  in  the  beets  depends  upon  a  great  many  conditions, 
particularly  those  of  temperature  and  sunlight.  It  is  necessary  that 
there  be  sunlight,  but  not  necessarily  sunshine.  Formerly  I  said  "  sun- 
shine," but  my  investigations  have  taught  me  to  say  ''  sunlight."  The 
rays  which  filter  through  the  clouds  are  almost  as  useful  as  if  they  fell 
directly  upon  the  plant;  in  fact  in  southern  latitudes  more  so  as 
cloudy  weather  is  then  an  advantageous  factor  in  diminishing  the 
intensity  of  the  heat.  This  factor  is  purely  a  meteorological  one. 
We  want  plenty  of  light  and  an  even  low  temperature  to  produce  good 
sugar  beets.  We  are  studying  the  effect  of  meteorological  conditions, 
sunlight,  etc.,  on  the  gluten  in  wheat  and  its  other  nitrogenous  con- 
stituents. It  is  not  the  soil  which  determines  the  amount  of  gluten  or 
nitrogenous  matter  in  wheat.  A  long  period  of  growth  tends  to 
diminish  the  nitrogenous  content  of  wheat  and  increase  the  starch 
content.  Wheats  that  are  sown  in  the  springtime  and  harvested 
within  a  few  months  are  richer  in  nitrogen  and  poorer  in  starch  than 
wheats  planted  in  the  autumn  and  harvested  the  next  season. 

Scientific  agriculture,  in  the  progress  of  agricultural  chemistry,  is 
now  endeavoring  to  show  the  practical  farmer  what  meteorological 
conditions  control  the  character  of  his  crop,  and  what  soil  conditions 
control  the  magnitude  of  his  crop,  and  thus  teach  him  to  change  its 
constituents  in  such  a  way  as  to  produce  those  things  which  are  most 
useful  and  valuable  and  in  the  greatest  quantities.  In  other  words, 
agricultural  chemistry,  having  determined  what  the  soil  is,  what  plants 
are,  and  how  fertilizers  can  be  made  and  applied,  is  now  advancing  to 
a  still  higher  plane  of  investigation  to  determine  how  the  soU  shall  be 
made  maximum  in  production  and  how  the  conditions  of  growth  shall 
secure  the  maximum  of  desirable  qualities. 

The  Pkesident.  If  there  is  no  objection,  we  will  take  up  the  subject 
of  sugar.  Two  papers  were  presented  yesterday.  There  will  be 
opportunity  for  discussion. 

Mr.  Wiley.  I  would  like  to  say  a  word  of  further  explanation  to 
some  of  the  members  who  have  adhered  to  the  action  of  the  inter- 
national committee  on  sugar  analysis.  The  chairman  of  this  commit- 
tee. Dr.  Herzfeld,  has  secured  by  circulars  the  names  of  chemists 
throughout  the  world  who  have  signified  their  adhesion  to  the  conclu- 
sions of  the  committee.  The  purpose  is  to  publish  the  names  from  all 
countries  very  soon  in  the  Zeitschrift  des  Vereins  der  Deutschen 
Zucker-Industrie,  of  which  Dr.  Herzfeld  is  the  editor.  I  would  be 
glad  if  the  members  of  this  association  who  are  interested  in  sugar 
analysis  and  who  have  not  received  that  circular  would  apply  for  one, 
so  that  their  names  can  be  inserted  in  the  proof  sheets.  The  object  of 
this  publication  is  to  make  known  those  who  have  adopted  the  principles 
which  are  set  forth  in  the  action  of  this  international  committee.  The 
committee  will  meet  again  in  Berlin  in  June  and  prolmbly  will  then  be 
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discharged.  Of  course,  we  hope  to  have  a  large  representation  from 
our  country,  and  I  think  we  shall.  This  report  is  not  a  detailed  one. 
It  leaves  the  matter  of  details  to  the  various  associations  throughout 
the  world.  It  has  established  certain  principles  in  polarizhtion  and 
estimation  of  sugars.  While  it  may  be  true  that  the  principles  which 
this  committee  has  adopted  are  not  altogether  the  best,  it  is  certainly 
true  that  they  will  secure  a  uniformity  of  procedure  througiiout  the 
world. 

Other  international  committees  have  been  appointed  for  other  pur- 
poses, and  among  them  is  a  committee  for  the  establishment  of  a  uni- 
form international  method  for  the  analysis  of  fertilizers.  Tliis  com- 
mittee has  also  reached  a  general  agreement  and  has  adopted  as  one  of 
the  bases  of  action  our  own  official  methods.  The  adoption  of  these 
general  principles  will  go  far  toward  securing  uniformity  of  practice, 
and  a  most  important  step  has  been  taken.  An  international  commit- 
tee on  analytical  chemistry  has  also  been  appointed,  and  will  hold  its 
first  meeting  next  June,  at  the  time  of  the  assembly  of  the  Fifth  Inter- 
national Congress  of  Applied  Chemistry  at  Berlin.  Professor  Lunge, 
of  Zurich,  Switzerland,  is  president  of  the  committee.  We  have  on 
this  committee  representatives  from  all  parts  of  the  world,  making 
it  international. 

I  must  say  with  some  pride  that  we  were  the^  first  to  attempt  to 
secure  uniformity  of  methods.  I  believe  this  whole  movement  for 
the  unification  of  methods  has  sprung  from  the  agricultural  chemists 
of  our  country.  England  in  most  things  is  a  progressive  country, 
but  she  has  made  the  least  progress  in  this  particular,  and  has  but 
rarely  had  a  representative  at  the  international  congresses  of  applied 
chemistry.  There  is  one  step  in  the  way  of  uniformity  for  which  the 
English  agricultural  chemists  deserve  credit,  that  is  the  adoption  of  a 
condenser,  modeled  after  our  own,  for  the  det^^rmination  of  volatile 
acids  on  dairy  products.  So  even  England  has  taken  one  step  in  the 
direction  of  uniformity. 

The  President.  1  would  like  to  ask  if  this  list  of  the  adherents  to 
the  conclusions  of  the  international  sugar  committee  is  to  be  published 
as  a  separate  report  ? 

Mr.  Wiley.  1  do  not  think  it  will  be,  Init  we  may  be  able  to  get 
separate  lists,  and  when  the  proof  comes  of  the  names  of  the  adher- 
ents in  this  coimtry  I  will  write*,  to  Dr.  Herzfeld  for  copies  for  those 
who  are  subscribers,  or  will  endeaver  to  have  the  list  published  in  the 
journal  of  the  American  Chemical  Society. 

The  President.  In  the  absence  of  the  referee  on  tannin,  tlie  ques- 
tion of  food  standards  is  now  before  us  for  discussion.  We  have  the 
honor  to  have  with  us  to-day  Mr.  Hamilton,  secretary  of  agriculture 
of  Pennsylvania,  and  we  shall  be  glad  to  hear  from  him. 
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SEMABKS  OK  FOOD  8TAKDAEDS. 

By  Mr.  John  Hamilton, 

Shite  Secretary  of  Agriculture,  Penrutylvania, 

I  was  unfortunate  in  not  toeing  here  to-day  to  hear  the  report  which  w^as  presented 
to  the  as«8^iation  on  food  standards,  and  therefore  I  am  not  informed  as  to  what 
has  l)een  <Wtte.  I  know  that  last  year  certain  things  were  agreed  upon,  but  I  have 
seen  no^nf^>li«ition  of  the  results.  I  am  not  sure  whether  the  committee  adheres  to 
the  things  which  were  agreed  upon  then,  or  whether,  in  the  natural  progress  of 
things,  changes  have  l)een  suggested,  so  that  they  are  still  holding  these  matters  in 
suspense.  Those  of  us  who  are  actively  engaged  in  the  work  of  securing  purity  of 
foods  for  the  people  in  our  several  iStates  are  greatly  interested  in  the  work  of  this 
association,  l)ecau8e  the  questions  that  are  involved  are  questions  of  a  scientific  char- 
acter, of  a  character  that  can  not  be  determined  by  the  ordinary  physician  or 
practitioner  in  the  several  States.  I  am  glad  to  know  that  this  association  has 
taken  up  the  question  of  food  standards  in  a  way  that  is  likely  to  give  the  people 
who  have  charge  of  this  work  an  authority  which  can  l>e  quoted  in  the  enforce- 
ment of  the  laws  and  informailon  that  will  Ije  reliable.  The  great  difficulty  that  is 
encountere<i  by  the  fofxl  oflBcers  is  that  of  getting  accurate  information.  Experts 
disagree  with  regard  to  certain  facts  in  our  food  work,  and  so  when  we  come  into 
court  we  find  that  men  of  attainments  hold  certain  opinions  in  regard  to  the  use  of 
food  preservatives  and  coloring  matters,  while  other  food  experts,  graduates  of  the 
same  school  of  medicine,  are  found  upon  the  other  side  confronting  us,  before  a  jury^ 
with  their  testimony  which  is  exactly  contrary  to  that  we  have  presented.  So  there 
is  confusion  and  each  case  has  to  be  fought  out  on  its  own  merits,  and  sympathy  for 
the  defendant  often  determines  the  action  of  the  jury  to  the  injury  of  the  public. 
There  is  need  for  accurate  information  that  will  be  accepted  and  agreed  upon  by  all 
scientific  men  with  regard  to  this  question  of  standards,  and  with  regard  to  the 
healthfulness  or  unhealthfulness  of  food  preservatives  and  coloring  matters. 

There  are  three  difficulties  with  which  the  food  authorities  have  to  contend.  The 
first  is  in  obtaining  uniformity  in  methods  of  analysis.  One  of  the  great  objects,  I 
suppose,  of  this  association  is  to  secure  this  uniformity,  and  it  has  succeeded  in 
bringing  about  a  great  change  in  this  respect,  so  that  substances  which  are  now  sent 
from  one  chemist  to  another  are  likely  to  correspond  in  their  analyses.  But  1  do 
not  understand  that  all  of  the  food  analysts  are  entitled  to  become  members  of  this 
association,  and,  therefore,  some  of  the  chemists  that  are  now  employed  in  the 
States  are  still  pursuing  methods  that  have  been  rejected  by  this  association.  Con- 
sequently there  is  discrepancy  in  their  results.  If  the  association  could  take  into  its 
membership  food  analysts  of  the  several  States,  it  seems  to  me  that  it  would  be  a 
great  benefit  to  those  of  us  who  are  now  trying  to  enforce  the  law,  for  then  our 
analysts  would  agree  in  their  testimony. 

There  is  another  matter  of  great  importance — the  question  of  what  shall  constitute 
a  standard  of  purity;  how  each  chemist  may  know  when  the  substance  is  of  the 
proper  standard.  If  such  a  standard  was  ascertained  and  adopte<l  for  the  several 
States,  it  would  be  a  great  advantage  to  the  manufacturers  in  their  work  of  preparing 
f(x>d,  and  there  would  be  a  great  simplification  of  the  work  of  the  food  commission- 
ers in  the  enforcement  of  the  law.  In  the  State  of  Pennsylvania  we  took  up  this 
question  and  did  the  best  we  could  with  it.  It  was  an  immediate  necessity  that 
some  standard  should  be  adopted.  We  had  to  meet  the  question  at  once  and  it 
seemed  that  we  were  not  likely  to  get  the  information  from  other  sources  soon,  so 
we  called  a  meeting  of  all  of  the  food  analysts  in  the  State  department  of  agricul- 
ture, securing  also  expert  pathologists  and  others  not  connected  with  the  depart-- 
ment  who  were  interested  in  the  matter  of  purity  of  foods,  and  presented  before  this 
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meeting  the  question  of  standards,  and  also  that  of  the  effects  of  antiseptics,  pre- 
servatives, and  coloring  matter.  There  were  united  in  that  meeting  lawyers  and 
scuentists,  some  of  the  most  able  men  that  we  have  in  our  State,  and  we  formed  a 
set  of  rules  that  we  have  since  used  in  the  prosecution  of  our  work.  I  will  read  one 
or  two  to  give  you  some  idea  of  what  lias  been  done: 

1.  All  foo<ls  manufactured,  sold,  offered,  or  exposed  for  sale  are  held  to  be  repre- 
sented as  pure,  unless  accompanied  by  adequate  notice  to  the  contrary,  in  which  caae 
they  must  b€L distinctly  labeled  as  "mixtures"  or  "compounds,"  or  as  "artificial" 
preparations. 

2.  Food  sold  as  pure  must  be  true  to  name,  of  standard  strength,  quality,  and 
purity,  and  not  a  compound,  mixture,  or  an  artificial  preparation  or  imitation. 

3.  Where  no  standard  of  strength,  quality,  or  purity  is  fixed  by  law,  the  standard 
required  shall  be  that  adopted  by  the  highest  recognized  authorities,  such  as  the 
United  States  PharmacopoMa  or  the  Association  of  Official  Agricultural  Chemists. 

5.  No  fraudulent  or  worthless  article,  having  little  or  no  food  value,  shall  be  mixed 
with  standard  goods  or  substituted  for  them,  and  be  sold  as  food  under  the  label 
"compound"  or  "  mixture;"  but  all  foods  sold  under  this  designation  must  be  com- 
posed of  substances  recognized  aa  "ordinary  articles  or  ingredients  of  articles  of 
food." 

6.  The  question  of  the  admissibility  of  a  nonpoisonous  or  harmless  foreign  sub- 
stance in  a  food  may  depend  upon  whether  the  substance  introduced  is  necessary  in 
order  to  improve  the  value  or  quality  of  the  food,  or  is  fraudulently  added  as  a 
diluent  and  cheapener. 

7.  No  food  shall  Ije  sold  under  the  name  of  a  substance  of  which  it  contains  none 
or  only  an  inconsiderable  quantity,  and  when  a  name  is  "coined"  therefor  such 
name  shall  not  be  suggestive  of  any  substance  not  contained  therein. 

The  wording  of  the  food  laws  in  force  in  the  several  States  is  practically  the  same. 
We  have  held  that  w^here  the  quantity  of  the  component  parts  of  a  food  or  its  quality 
is  not  fixed  by  law  the  standard  shall  be  that  adopted  by  the  American  Association 
of  Official  Agricultural  Chemists  or  by  the  United  States  Pharmacopoeia.  So  we 
look  to  you  for  information,  and  when  a  case  comes  into  court,  and  the  declaration 
is  made  that  a  certain  standard  is  held  by  your  association,  it  should  be  accepted  as 
evidence,  the  best  that  could  be  secured. 

We  have  also  another  rule,  No.  4,  that  '  *  no  food  shall  have  added  to  it  anything 
that  is  poisonous  or  injurious  to  health,"  no  matter  how  small  the  quantity  of  the 
poisonous  or  injurious  substance  used.  The  supreme  court  of  our  State  has  sustained 
us  in  this  position. 

W^e  have  another  rule  of  importance — I  am  reading  only  those  which  are  likely  to 
be  especially  interesting  to  you — which  permits  the  "use  of  a  moderate  quantity  of 
coloring  matter  which  is  not  poisonous  or  injurious  to  health,  provided  the  goods  are 
otherwise  pure  and  of  standard  quality." 

We  were  recently  confronted  with  the  question  as  to  what  we  should  do  in  regard 
to  the  use  of  palts  of  copper  in  the  coloring  of  vegetables.  We  have  ruled  against 
their  use.  One  purpose  of  my  visit  here  is  to  discover  what  this  association  holds 
with  regard  to  the  use  of  these  salts;  whether  they  are  poisonous  and  therefore 
injurious  to  health  or  whether  they  shall  be  permitted.  The  question  was  a  prac- 
tical one  with  us  and  we  had  to  answer  it  at  once.  We  must  have  evidence  that  will 
sustain  us.  We  have  always  made  it  a  rule  in  our  State  to  give  the  public  the  benefit 
of  the  doubt  in  such  cases,  when  there  is  any  doubt,  and  to  place  the  responsibility 
of  permitting  the  use  of  these  doubtful  substances  upon  the  courts.  It  seems  to  me 
that  a  declaration  coming  from  this  Ixxiy  on  this  subject  would  have  great  weight. 
If  there  is  a  question  as  to  whether  a  substance  is  injurious  to  health  or  not,  we  hold 
that  it  is  injurious  to  health,  and  it  remains  for  those  who  wish  to  force  it  upon  the 
public  to  show  that  it  is  not. 

I  am  glad  to  know  that  your  committee  on  food  standards  is  making  progress,  but 
it  seems  to  those  of  us  who  have  to  de<*i(le  upon  such  questions  every  day  that  it  is  a 
little  slow.  If  the  matter  can  be  hurried  a  little  it  will  l>ea  great  advantage  to  those 
who  are  engaged  in  enforcing  the  laws  of  the  several  States. 
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I  have  also  another  matter  which  I  wish  to  call  to  your  attention.  I  refer  to  the 
position  we  have  taken  in  the  matter  of  the  use  of  preservatives.  We  are  holding 
that  horax,  salicylic  acid,  and  other  similar  substances,  such  as  formaldehyde  and 
benzoic  acid,  are  injurious  to  health  and  ought  to  be  prohibited.  Food  can  be  pre- 
served without  their  use  and  therefore  they  are  wholly  unnecessary  and  should  be 
excluded.  I  will  read  our  ruling,  so  as  to  give  you  an  idea  of  our  position  on  the 
question  of  the  use  of  preservatives: 

12.  Articles  of  food  that  can  be  prepared  by  the  use  of  improved  processes,  so  as 
to  preserve  them  from  decay  or  change,  shall  have  no  preservative  added,  other  than 
salt,  sirup,  sugar,  saltpeter,  spice,  vinegar,  or  wood  smoke 

When  we  have  no  law  that  is  specific  or  that  gives  us  authority  to  designate  or  fix 
standards,  we  hold  that  if  these  standards  are  formulated  in  a  common-sense  way 
the  courts  will  sustain  them,  and  although  not  statute  law  they  will  be  interpreted 
in  accordance  with  the  maxim  that  **the  safety  of  the  people  is  the  supreme  law." 
Thus  far  we  have  been  sustained  in  the  definitions  we  have  made  and  yet  each  time 
we  come  into  court  we  have  to  meet  the  same  set  of  experts,  hired  by  the  manufac- 
turers to  confront  us,  and  have  the  same  battle  to  fight  over  and  over. 

I  think  that  no  more  important  question  is  now  before  us  than  this  question 
of  the  proper  preparation  of  food  for  the  consumption  of  our  people.  The  amount 
of  adulteration  is  very  great.  I  had  occasion  in  preparing  a  paper  the  other  day 
to  go  over  the  work  of  our  department  for  the  last  two  years.  Our  chemists  had  ana- 
lyzed 5,000  samples  of  food,  and  over  50  per  cent  of  this  food  was  found  to  be  adul- 
terated in  some  form,  so  that  the  amount  of  adulteration  is  still  very  great,  notwith- 
standing the  efforts  that  have  been  made  to  exclude  these  goods  from  the  markets. 
I  feel  that  this  association  ought  to  disclose,  as  soon  as  it  safely  can,  what  it  has  done 
toward  fixing  standards  and  determining  the  character  of  preservatives,  because  the 
information  is  so  very  much  needed,  and,  if  we  wait  until  the  whole  plan  is  perfected, 
we  shall  wait,  perhaps,  t<x)  long,  and  bring  into  discredit  the  work  of  the  food  com- 
miasioners  in  the  several  States,  who  had  to  define  their  position  and  could  not  delay. 

I  want  to  say  to  any  of  you  who  have  ambitions,  in  a  political  way,  ** Don't  ever 
be  a  food  commissioner."  That  will  ruin  you.  It  is  the  last  step  that  a  man  takes 
in  i)olitical  life,  if  he  is  honest.  A  food  conmiissioner  needs  to  have  the  backing  of 
the  best  scientific  men.  If  he  depends  simply  on  his  own  information  he  will  have 
no  show  in  these  days.  As  Secretary  AVilson  has  just  stated,  one  man  can  not 
know  very  many  things  nowadays;  he  must  get  his  information  from  a  large  num- 
ber of  people,  and  the  best  he  can  do  is  to  find  people  who  know,  and  then  send  for 
them.  I  have  tried  to  make  use  of  this  principle  in  our  department,  and  accordingly 
have  made  use  of  this  association  in  the  preparation  of  bulletins  on  a  wide  range  of 
agricultural  subjects.  The  experiment  station  work  throughout  the  United  States, 
with  which  most  of  you  are  associated,  has  done  good  service  to  agriculture  in  general, 
because  it  has  brought  into  use  a  large  number  of  the  best,  most  highly  trained  scien- 
tific minds  that  the  country  possesses,  for  the  solution  of  those  difficult  questions 
which  embarrass  the  agriculturist.  I  am  gratified  to  be  here  to-day,  and  am  only 
surprised  that  the  secretaries  of  the  boards  of  agriculture  of  all  of  the  States  are  not 
here  to  get  information  as  to  what  is  being  done  in  the  line  of  their  work.  It  cer- 
tainly is  one  place  to  which  they  can  afford  to  come  and  get  in  contact  with  the  men 
who  are  out  on  the  firing  line  of  investigation;  who  are  going  into  the  fight  and  get- 
ting facte  for  daily  use.  The  men  who  have  the  administration  of  agricultural  affairs 
in  the  several  States  can  not  afford  to  be  without  this  knowledge. 

I  understand  that  an  appropriation  has  been  made  for  the  investigation  of  the  use 
of  antiseptics,  preservatives,  and  coloring  matters  in  foods.  I  think  this  is  a  most 
admirable  beginning,  but  it  needs  to  be  established  upon  a  broader  Ixisis,  by  the 
formation  of  a  large -board  of  experts,  who  shall  give  their  undivided  time  to  the 
investigation  of  these  subjects.     One  man  can  not  do  much,  but  a  large  number  of 


Digitized  by 


Google 


144 

ppeciali8t.s,  united  in  a  boarci,  could  take  up  these  subjects,  and  much  information 
could  he  obtaine<l  in  a  short  time,  and  time  is  now  of  exceeding  value,  both  to  the 
conpunier  whose  health  is  at  stake  and  to  the  manufacturer  whose  money  interests 
are  involved. 

I  appreciate  the  great  work  that  this  association  has  been  doing  for  agriculture,  and 
the  work  that  it  is  doing  to  establish  the  truth  as  it  relates  to  the  use  of  various  pre- 
servatives in  the  people's  food,  many  of  which  are  certainly  injurious  to  the  public 
health.  I  am  obliged  to  you  for  your  courtesy  in  giving  me  this  opportunity  of  call- 
ing your  attention  to  the  pressing  needs  of  the  food  authorities  who  are  intrusted 
w  ith  the  enforcement  of  the  laws  enacted  in  the  interest  of  the  public  health. 

Mr.  Eatox.  The  National  Association  of  State  Dairy  and  Food 
Conmiissionei's  appointed  a  committee  last  year  at  Buffalo  to  meet 
with  this  association  to  confer  with  its  committee  on  food  standards  to 
see  what  aid  could  be  given.  The  committee  consisted  of  Dr.  R.  M. 
Doolittle,  of  Michigan;  Dr.  A.  S.  Mitchell,  of  Wisconsin;  Dr.  William 
Frcar,  of  Pennsylvania,  and  mj^self .  As  I  am  the  only  one  present,  I 
wish  to  express  my  thanks  for  the  courtesy  shown  me. 

The  Prksident.  1  was  about  to  call  on  Mr.  Eaton.  We  certainly 
expected  to  hear  from  him  in  regard  to  this  matter.  Our  constitution 
provides  that  analytical  chemists  connected  with  the  United  States 
Department  of  Agriculture,  or  with  any  State  or  National  institution 
or  body  charged  with  official  control  of  the  materials  named  in  sec- 
tion 1,  are  members  of  this  association. 

Mr.  Vax  Slyke.  I  move  that  the  report  of  the  committee  on  food 
standards  be  approved  and  the  committee  continued. 

This  motion  was -adopted. 

The  PuESiDENT.  If  there  is  no  objection  we  will  proceed  to  the  dis- 
cussion of  tiinnin.     Is  Mr.  Krug  present? 

Mr.  Kurd.  Last  year  we  made  quite  a  radic4il  change  in  our  work 
by  entering  on  a  new  field.  We  had  been  working  for  a  number  of 
years  on  the  analysis  of  extracts  and  barks  and  we  concluded  that  that 
method  was  upon  a  safe  basis,  and  then  decided  to  take  up  the  deter- 
mination of  the  total  acidity  in  tan  liquors.  The  deteniiination  of  the 
acidity  is  of  considerable  importance,  because  if  the  liquor  becomes 
too  acid  it  do(»s  not  make  a  good  leather.  Neither  does  it  make  good 
leather  wh(»n  not  sufficiently  acid.  I  desire  at  this  time  to  read  the 
following  letter  received  from  Mr.  Procter  of  the  International  Asso- 
ciation of  Leather  Trades  Chemists: 

September  20,  1902. 
Dear  I)k.  AVil>:y:  As  I  siipiwse  your  A.  O.  A.  C.  convention  will  be  coming  on  Foon, 
I  Fend  you  under  another  cover  a  copy  of  the  Leather  Trade  Review,  containing  a 
report  of  the  IxhmIs  meeting  of  the  I.  A.  L.  T.  C,  instead  of  waiting  for  a  more 
official  vernion.  You  will  be  pleai-ed  to  see  that  we  have  made  a  great  stei)  toward 
coming  into  agreement  with  the  A.  0.  A.  C,  your  chrome  shake  method  now  l>eing 
permissive,  as  well  a«  the  use  of  590  or  any  other  pai>er.  I  hojie  you  will  see  your 
way  to  meet  us  in  adopting  tlu»  same  mode  of  correction  for  the  absorption  of  tannin 
in  liltration,  of  which  you  will  have  seen  fuller  details  in  the  C(»llegium.  Of  course 
if  you  prescribe  a  definite  mode  of  filtration,  there  will  be  no  difficulty  in  fixing  also 
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a  definite  correction  applicable  to  all  the  onlinary  materialH,  siili)hite  extracts  \yeing 
generally  the  only  ones  requiring  a  special  value,  and  the  whole  correction  with  590 
being  a  very  small  one. 

As  regards  our  permissive  adoption  of  the  A.  O.  A.  C.  method,  the  decision  was 
based  on  experiments  which  have  not  yet  been  published  in  full,  which  showed, 
that  adopting  the  results  of  any  of  the  hide  powder  methods  as  a  standard  for  that 
particular  method,  the  results  of  the  filter  method  with  comparatively  pure  tannins 
(gallotannic  acid,  quebracho)  could  be  raised  by  nearly  100  per  cent  by  the  addition 
of  nontanning  matters,  such  as  gallic  acid,  to  the  solution.  Your  method  gave  truer 
results,  but  >va8  itself  liable  to  errors  of  50  per  cent  or  more,  so  that  it  can  only  be 
considered  as  a  temporary  expedient,  and  further  experiment  is  eminently  desirable 
to  find  one  less  affected  by  the  presence  of  impurities,' and  especially  of  acids.  Your 
method  of  preparing  chromed  powder,  though  all  right  where  large  numl)ers  of 
analyses  are  made  daily,  is  very  troublesome  for  chemists  who  only  have  such  work 
occasionally,  and  improvements  are  urgently  wanted  either  in  the  direction  of 
abridging  the  necessary  washing,  or  making  a  powder  (eitlier  dry  or  moist)  which 
will  keep  and  act  reliably.  I  am  not  sure  that  fonnaldehyde  may  not  be  satisfac- 
torily substituted  for  chrome  in  the  preparation,  and  this  would  much  diminish  the 
required  washing.  We  are  experimenting  in  this  direction,  but  do  not  wish  at  all 
to  limit  others  in  also  taking  up  the  same  work.     *    *    * 

With  kind  regards. 

Yours,  very  truly,  H.  R.  Pkocter. 

Mr.  Kkug.  Witli  reference  to  the  stiiteinents  made  by  Mr.  Procter 
concerning  the  time  lost  in  preparing  chromed  hide  powder  when  a 
chemist  makes  only  a  few  analyses  at  a  time,  I  want  to  say  that  it  is 
perfectly  feasible  to  make  up  a  considerable  (quantity  at  a  time, 
removing  as  much  water  as  possible  and  placing  it  in  a  tightly  stop- 
pered bottle  with  formaldehyde,  when  it  will  keep  as  long  as  six 
months.  In  regard  to  the  other  points  which  he  discusses,  I  hope 
that  the  referee  for  next  year  will  take  up  a  comparative  study  of  the 
changes  suggested  and  decide  if  their  adoption  is  desirable. 

Mr.  Wiley.  I  have  the  honor  to  be  a  member  of  tlie  International 
Association  of  Leather  Trades  Chemists.  I  have,  however,  attended 
only  one  meeting,  but  hope  to  attend  others.  Only  European  coun- 
tries are  represented.  What  we  want  to  do,  if  possible,  is  to  get  one 
of  those  gentlemen  to  come  over  to  our  meeting  and  to  send  Mr. 
Krug  to  one  of  their  meetings.  There  is  no  doubt  of  the  fact  that 
they  want  to  meet  us  on  conmion  ground.  If  w^e  send  a  representa- 
tive, there  would  be  no  difficulty,  in  my  opinion,  in  securing  a  per- 
fectly uniform  method  of  analysis,  but  at  the  meeting  which  I 
attended  it  was  easy  to  see  what  the  trouble  was.  There  was  no  one 
there  who  had  a  knowledge  of  the  work  except  Mr.  Procter,  who  hjis 
been  president  of  this  association  and  is  an  authority  on  this  subject  of 
world-wide  reputation.  He  is  thoroughly  in  earnest  in  his  desire  to 
cooperate  with  us.  I  am  glad  he  has  approached  this  association 
again,  and  I  am  sorry  that  the  proceedings  which  he  sent  did  not  reach 
us.     I  would  suggest  on  the  part  of  this  association  that  we  answer 
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Mr.  Procter's  letter  and  ask  him  if  he  can  not  send  a  delegate  to  our 
meeting  or  have  their  delegate  confer  with  ours.  1  would  therefore 
ask  authority  to  make  such  a  proposition  to  Mr.  Procter  in  my  reply 
to  his  letter. 

Mr.  Krug.  I  move  that  such  authority  bo  granted. 

The  motion  was  adopted. 

[Note  by  the  Editor. — In  acconlance  with  the  above  instructions  the  following 
letter  was  sent  to  Mr.  Procter:] 

December  12,  1902. 
Prof.  H.  R.  Procter, 

Leather  Indtuitri£8  Lahoralories,  Yorkshire  CoUege,  LeedSj  England. 
Dear  Professor  Procter:  Your  letter  of  September  20,  in  r^ard  to  our  official 
methods  on  tannin,  was  read  before  the  meeting  of  the  Association  of  Official  Agri- 
cultural Chfemists  in  October.  I  was  instructed  by  motion  at  that  meeting  to  make 
a  proposition  to  you  looking  toward  a  conference  between  a  delegate  from  our  asso- 
ciation and  the  International  Association  of  Leather  Trades  Chemists.  We  should 
be  glad  to  have  your  delegate  attend  the  next  meeting  of  our  association,  and  per- 
haps it  could  be  arranged  to  have  a  delegate  from  the  A.  O.  A.  C.  attend  your 
next  convention.  I  shall  be  glad  to  rec^eive  any  suggestions  from  you,  as  it  would 
seem  that  only  in  some  such  way  can  a  perfect  miderstanding  be  reached  and  any 
satisfai^tory  degree  of  uniformity  attained. 

Very  resixjctfullv,  H.  W.  Wiley, 

Secretary  A.  0.  A.  C. 

The  Pkesident.  The  rcjK)rt  of  the  referee  on  foods  and  feeding 
stufl.s  is  now  in  order. 

EEPOET  ON  OATTLE  FEEDS. 

By  C.  A.  Browne,  Jr.,  Jieferee. 

Outline  op  Work. 

The  work  this  year  on  feeding  stuffs  was  practically  along  the  lines  followed  by 
preceding  referoos.  In  resix)nse  to  a  circular  letter  inviting  cooperation  in  the  work 
favorable  replies  wt^re  received  from  eighteen  chemists,  and  to  these  the  following 
samples  were  sent: 

No.  1.  Timothy  hay. 

No.  2.  Distiller's  grains. 

The  sample  of  hay  was  drawn  from  a  lot  of  pure  timothy  used  the  i)a8t  winter  for 
the  steer-feeding  exiwriments  in  the  respiration  calorimeter  at  the  Pennsylvania 
exi)erinient  station.  The  distiller's  grains  were  kindly  supplied  l)y  the  11.  J.  Heinz 
Company,  of  Pittsburg,  and  consisted  mostly  of  the  hulls  and  residues  from  a  com 
mash. 

The  suggestions  made  by  last  year's  referee,  Mr.  Krug,  were  made  the  basis  of  the 
work,  which  comj)rise(l  the  following: 

Determinations  of  moisture,  fat,  and  pentosans  on  lK)th  sampk«  according  to  the 
official  method. 

Det(»rminations  of  crude  fil)er  in  l)oth  samples  according  to  Ixjth  the  official  and 
Konig  methods. 

If  any  time  remained  for  further  work  after  completing  the  al>ove,  it  was  suggested 
that  adetennination  of  starch  be  made  in  the  distiller's  grains  by  the  diastase  method 
and  also  a  determination  of  sugars  (sucrose  and  reducing)  in  tlie  timothy. 

In  spite  of  the  fact  that  the  early  <lateof  this  year's  meeting  shortened  the  time  at 
the  disi)Osal  of  the  reporters  and  prevented  many  of  them  from  doing  all  the  work, 
considerable  interest  was  manifested  and  rejHjrts  were  obtained  from  nine  chemists. 
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EotIMATION  of  M0I8TDBR. 

Notable  diacrepancieB  exist  in  the  moistare  deterrainations,  but  these  are  to  be 
explained  partly  by  differences  in  the  method  of  drying. 

Tablb  I. — Moisture  determinations. 


Analymt. 

Method  of  drying. 

Timothy 
hay. 

Distiller's 
grains. 

Glycerin  and  water  oven,  100^  C  ....: 

Percent 
9.14 
8.85 
9.16 

9.43 
9.32 

9.60 
9.99 
10.16 
10.00 
10.35 
9.72 
8.98 
9.20 
8.25 

Percent. 
8.35 

T.M.Priee^MaryUukl 

Water  oTen.. 

8  40 

F.  W.  WoU  and  6.  A.  Olson, 

Water  oven,  6  houis 

8  40 

WiBoomAn. 
L.  A.  Hill,  New  Hampshire  .. 

Water  oven,  atmosphere  of  COj 

8.85 

C.  A.  Browne,  jr.,  Pennsyl- 

Water  oven,  6  hours,  98°  C 

8.49 

8.  D.  Averitt,  Kentucky 

do 

8  75 

Do 

OaldweU  tubes  in  H,  6  hours,  98°  C 

9.24 

Do 

Caldwell  tubes  in  H,  10  hours  98°  C 

9  42 

R.  W.  Thatcher,  Washington . 

Caldwell  tubes  in  H.  7  hours,  98°  C 

9.42 

J.  H.  Norton,  U.  S.  Dept  Agr . . 
Do 

Air  bath  to  constant  weight,  7  hours,  100°  C. . . . 
Air  bath.  5  hours.  100°  C 

9.30 
9  22 

Do 

8  39 

Do 

Vacuum,  100°  C,  5  hours 

9.07 

A.  W.  Bosworth,  Rhode  Is- 

WatchglasseslnH, 5houi8,  98°C 

8.37 

land. 

In  the  resolts  of  Mr.  Averitt  the  maximum  loss  on  drying  in  air  was  obtained 
in  ^ve  hours,  after  which  there  was  a  slight  gain  in  the  case  of  both  substances;  by 
the  method  of  drying  in  hydrogen  the  materials  also  began  to  increase  slightly  in 
weight  after  ten  hours'  drying. 

The  Caldwell  method  of  drying  in  hydrogen  gave  very  concordant  results  so  far  as 
it  was  tried.  The  results  obtained  by  drying  in  an  air  bath  to  constant  weight  at 
100^  agree  closely  with  those  obtained  by  the  Caldwell  tubes.  The  high  results 
obtained  by  these  two  methods  clearly  show  that  all  the  moisture  is  not  removed  by 
the  ordinary  method  of  drying  in  a  water  oven  for  five  hours.  This  ^t  was 
brought  out  ten  years  ago  at  the  ninth  annual  convention,  so  that,  to  quote  one  of 
the  chemists,  "we  are  thrashing  over  old  straw  by  opening  up  this  question  again." 

It  does  not  seem  desirable  to  prescribe  one  fix^  method  for  the  determination  of 
moisture  in  feeding  materials.  No  method  of  drying  in  air  at  100^  would  answer  for 
materials  containing  easily  oxidizable  oils,  such  as  linseed  meal;  in  such  cases  the 
Caldwell  method  is  to  be  recommended.  On  the  other  hand,  the  method  of  drying 
in  hydrogen  at  100**  C.  would  not  answer  for  materials  containing  levulose  or  invert 
sugar.  In  such  cases  the  method  of  drying  in  vacuo  at  70°  C,  proposed  by  Carr  and 
Sanborn  <t  in  the  proceedings  of  the  twelfth  annual  convention  of  this  association, 
seems  to  be  the  only  practicable  one.  In  the  choice  of  a  method  the  chemist  must 
be  guided  by  the  nature  of  the  material  to  be  analyzed. 

«U.  S.  Dept  of  Agr.,  Division  of  Chemistry,  Bui.  47,  p.  134. 
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Estimation  op  Ether  Extract. 
Table  II. — Elher'-extraci  determinati4m. 


Analyst. 


E.  B.  Holland,  MaflsachtuscttH 

T.  M.  Price,  Maryland 

8.  D.  Avert  it,  Kentucky 

F.  W.  Woll  and  G.  A.  Olson,  Wisconsin 

R.  W.  Thatcher,  Washington 

L.  A.  Hill,  New  Hampshire 

A.  W.  BoBWorth,  Rhode  Island 

M.  H.  Pingree,  Pennsylvania 

Average 


Timothy  hay. 

Distiller's  grains. 

Original 

Water-free 
basis. 

Original 
sample. 

Water-free 
basis. 

PercaU, 

Percent 

Percent. 

Percent. 

rt2.00 

a2.20 

a6.21 

a  6. 78 

1.87 

2.06 

5.78 

6.31 

2.01 

2.23 

6.50 

7.17 

2.02 

2.22 

6.58 

7.18 

2.44 

2.71 

6.50 

7.27 

1.98 

2.18 

6.20 

6.80 

1.84 

2.00 

6.41 

6.99 

1.W 

2.14 

6.13 

6.69 

2.01  i 


2.21 


6.30 


6.90 


a  Results,  after  deducting  blank  of  0.44  per  cent  for  extract  from  new  capsule,  cotton,  apparatus,  and 
ether,  were  1.56, 1.T2,  5.77,  and  6.29.  It  is  not  customary  to  make  corrections  for  a  blank  in  determin- 
ing ether  extract,  ns  was  done  by  Mr.  Holland,  and  this  seems  a  point  worthy  of  attention.  We  may 
have  here  an  explanation  of  some  of  the  discrepancies  observed  between  the  results  of  the  different 
chemists. 

In  a  current  number  of  the  Chemiker  Zeitung^  Beger  calls  attention  to  a  deficiency 
in  the  ordinary  method  of  fat  determination,  the  point  being  that  the  fat  is  not  com- 
pletely extracted  from  certain  materials,  especially  such  as  are  high  in  protein.  To 
obviate  this  difficulty  Beger  recommends  the  use  of  the  pepsin  process  first  advocated 
by  Dormeyer  *  and  afterwards  studied  by  Nerking  in  the  analysis  of  meats.  Ner- 
king^  showed  that  with  dried  meats  the  customary  extraction  with  ether  is  insuffi- 
cient to  remove  all  the  fat,  but  that  if  the  material  is  first  subjected  to  a  digestion 
with  pepsin  solution  the  fatty  albuminoid  compounds  are  broken  up  and  the  fat  may 
then  be  completely  removed  by  means  of  ether.  Beger  has  studied  this  method  in 
it8  applicability  to  many  feeding  materials,  and  the  following  figures  are  taken  from 
his  article: 

Table  III. — Mher  extract — digestUm  toith pepsin  mlution  (Beger). 


Rice 
ghiten. 

Brewer's 
grains. 

Percent. 
8.62 

'     .10 

1.14 

Malt 
sprouts. 

Bran. 

Linseed 
cake. 

CJotton- 
seed 
meal. 

Ether  extract,  extraction  for  12  hours. . . . 

£ther  extract,  second  extraction  for  12 

hours 

PerccfU. 
.  0.&5 

.40 

5.74 

Percent. 
1.82 

.32 

.75 

Percent. 
5.12 

.03 

.25 

Percent. 
9.07 

.28 

.31 

Percent 
10.02 

.05 

Ether  extract  after  digesting  residues 
with  pepsin  and  again  extracting 

1.09 

Kesults  obtained  with  a  number  of  other  materials  are  also  given.  In  all  cases  an 
additional  quantity  of  fat  was  obtained  after  digesting  the  extracteil  residues  with 
pepsin,  the  amount  in  some  cases,  as  with  the  rice  gluten,  being  very  marked.  Beger 
states  that  digestive  coefficients  of  the  fat  in  rice  gluten  gave  negative  values  accord- 
ing to  the  ordinary  method  of  ether  extraction,  while  by  the  Dormeyer  method  a 


«1902,  26,  No.  11. 

ftPfliigers,  Archiv.  fur  Physiologic,  61,  1895,  p.  341;  ibid.,  66,  1896,  p.  90. 

<^Pflugers,  Archiv.  fur  Phys.,  85, 1901,  p.  330. 
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positive  result  was  obtained.  Physical  and  chemical  tests  of  the  fat  extracted  after 
the  pepsin  treatment  showed  it  to  have  the  same  properties  as  the  ordinary  fats. 

Your  referee  has  not  been  able  in  the  limited  time  at  his  disposal  to  give  this 
method  a  trial;  it  would  seem,  though,  that  we  ought  to  make  a  study  of  this  method 
upon  a  few  of  our  typical  feeding  materials.  The  results  might  show  the  necessity 
of  revising  the  digestive  coefficients  of  fat  in  some  of  our  feeding  stuffs.  By  subject- 
ing the  residues  from  the  ordinary  ether  extraction  to  the  pepsin  treatment  the  two 
methods  can  be  easily  compared  without  much  extra  trouble. 

The  method  of  treatment  is  as  follows:  Three  to  five  grams  of  substance  are 
digested  with  one  gram  of  pepsin,  Merck  (this  is  found  to  be  free  from  ether 
extract),  dissolved  in  480  cc  water  and  20  cc  of  25  per  cent  HCl  at  37°  to  40®  C.  for 
twenty-four  hours.  The  residue  is  then  filtered  on  a  Gooch  crucible,  washed  several 
times  with  cold  distilled  water,  and  then,  after  drying,  extracted  with  ether  in  the 
usual  way.  The  filtrate  must  also  be  shaken  out  with  ether  several  times  and  the 
extract  from  this  united  with  that  from  the  dried  residue. 

Estimation  op  Ceudb  Fibeb. 

At  the  last  meeting  of  the  association  Mr.  Fraps  presented  a  paper  upon  the 
determination  of  pentosan-free  crude  fiber  by  the  Konig  method,  with  the  suggestion 
that  the  study  of  this  method  be  taken  up  by  the  association.  This  suggestion  was 
acted  upon,  and  a  comparison  of  the  results  obtained  by  the  official  and  Konig 
methods  upon  the  two  samples  sent  out  is  given  herewith.  The  results  by  both 
methods  exhibit  considerable  variations  and  show  that  the  determination  of  fiber  is 
at  present  in  a  most  unsatis^tory  condition,  as  indeed  it  always  has  been.  The 
results  on  timothy  hay  by  the  official  method,  especially,  show  extremely  wide  and 
unaccountable  variations.  There  seems  to  be  no  determination  where  the  element 
of  perBonal  equation  is  so  pronounced  as  in  that  of  crude  fiber. 

Table  IV. — Determination  of  crude  fiber. 


Metliod  and  analyst 


OFFICIAL  METHOD. 

E.B.  Holland,  MaMachusetts 


T.  M.  Price,  Maryland  .. 
S.  D.  Averifct,  Kentucky. 


F.  W.  Won  and  Q.  A.  Olson,  Wisconsin . 


L.  A.  Hill,  New  Hampshire 

B .  W.  Thatcher,  Washington . . . 
A.  W.  Bosworth,  Rhode  Island . 
M.  H.  Plngree,  Pennsylvania  . . 


J.  H.  Norton,  U.  8.  Department  of  Agriculture  . 
Average 


Timothy  hay. 


Original 
.  sample. 


Percent. 
87.41 
37.40 
42.10 
85.32 
34.83 
40.70 
40.25 
40.20 
34.77 
34.50 
42.40 
41.87 
36.25 
36.33 
35.44 
35.12 
85.11 


Water-free. 


Percent. 
41.17 


46.19 
39.04 


44.45 
38.24 
46.82 
39.55 
38.91 
39.19 


41.51 


Distiller's  grains. 


^.^jSe!   I  Water-free. 


a  ResDlts  omitted  from  average. 

ft  Fiber  contains  0.28  per  cent  N=1.75  per  cent  protein. 


cent. 

Percent. 

19.08 

21.72 

19.80 

13.53 

a  14. 77 

19.51 

21.66 

19.71 

20.18 

21.48 

23:28 

22.33 

18.40 

20.20 

18.41 

28.64 

25.79 

23.07 

20.43 

22.10 

20.07 

19.18 

621.36 

19.9a 

19.57 

21.57 

22.21 
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Table  IV. — I)e<«rmtnationqf  ortM2«>E5«f^-<]!ontinaed. 


Method  luid  analyst. 


kOnio  mkthod. 
E.  B.  Holland,  MamaohuHCtts 


T.M.  Price,  Maryland  , 


Tlmotty  hay. 


OfigUial 
Mtmple. 


8.  D.  A  veritt,  Kentucky 

F.  W.  Woll  and  Q.  A.  Olflon,  Wisootifliu . 


L.  A.  Hill,  New  Hampuhire 

R.W. Thatcher. WaHhIngton  .... 
A.  W.  Bosworth,  Rhode  Island. . , 
C.  A.  Browne,  jr.,  Pennsylvania.. 


J.  H.  Norton,  U.  S.  Department  of  Agriculture  . 
Average 


/Vr  cent. 
31.69 
30.90 
21.15 
24.83 
16.18 
25.20 
22.10 
82.00 
8S.10 
82.62 
81.68 
81.91 
82.94 
88.27 


32.83 

^31.68 

31.60 

31.15 


Water-free. 


PeroaU. 
34.44 


a22.73 
a26.S2 


36.85 
85.11 
36.79 
36.78 
84.89 
34.75 


85.37 


l>tetiller*s«imiiu. 


OriglDal 


21.49 
21.17 


14.60 
16.61 
24.81 
23.51 
23.85 
20.82 
20.00 
25.01 


22.11 
22,27 
022.24 
22.81 
21.21 


Water-lree. 


28.27 


a  17. 28 


26.06 
22.11 


27.61 
24.22 


<i24.60 
28.38 


24.47 


a  ReRultfl  omitted  from  average. 

b  Fiber  after  boiling  with  1.25  per  cent  NaOH  ia'27.49  per  cent 
e  Fib^r  after  boiling  with  1.25  per  cent  NaOH  is  17.78  per  cent. 
d  Fiber  contains  1.09  per  cent  Ns6.81  per  cent  protein. 

COMMENTS  OF  ANALYSTS. 

This  being  the  first  general  trial  of  the  K5nig  method,  it  is  thought  well  to  give 
the  comments  of  the  different  analysts^ in  full: 

E.  B.  Holland. — Considerable  difficulty  was  experienced  in  the  filtration,  linen 
being  used  for  the  purpose.  The  final  product,  even  after  prolonged  washings  with 
hot  water,  altohol,  and  ether,  was  not  as  clean  as  desired. 

T.  M.  iVtc«.— Konig's  method  for  crude  fiber  I  did  not  find  satisfactory,  as  it  was 
impossible  to  get  concordant  results  with  duplicates. 

S.  D.  Averitt.— Much  difficulty  was  had  in  filtering  the  fiber  obtained  by  the 
Konig  method.  It  was  necessary  to  dilute  the  liquid  with  water  and  allow  the  fiber 
to  settle  before  it  could  be  filtered ,*and  even  then  the  process  was  very  slow.  If  the 
filtration  is  always  as  difficult  as  we  found  it,  the  method  can  hardly  be  considered 
practical. 

F.  W.  TToW.— The  filtration  by  the  Konig  method  took  from  1  to  10  hours.  To 
help  along  the  filtration  in  one  determination,  the  mixture  was  diluted  with  hot  dis- 
tilled water  after  boiling,  and  the  filtration  then  took  only  8  minutes. 

R.  W.  Thatcher » — Konig' s  method  for  crude  fiber  is  a  very  satisfactory  one  as  far  as 
ease  of  manipulation  and  agreement  of  duplicates  is  concerned.  It  gives  results  that 
are  in  no  way  comparable  with  those  obtained  by  the  official  method,  however. 
Some  difficulty  was  experienced  in  filtering  in  the  determinations  made  on  the  dis- 
tiller's grains,  the  first  sample  being  ruined  in  the  attempt.  In  the  case  of  the 
second  sample  the  method  of  filtration  outlined  in  the  accompanying  note  (p.  154)  was 
used  with  very  satis&ictory  results,  although  filtration  was  slow  even  with  this  method 
of  procedure,  the  material  being  not  wholly  removed  from  contact  with  the  glycerol- 
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sulphuric  acid  for  nearly  an  hour  after  the  filtration  was  begun.  This  is  not  a  serious 
objection  to  the  Konig  procew?  as  comiwired  with  the  official  method,  however,  since 
in  the  latter  even  more  difficulty  was  experienced  in  filtering  off  the  alkaline  extmct. 

A.  W,  Botworth, — In  the  Konig  method  for  crude  fiber,  after  digestion  with  the 
glycetol-sulphuric  acid,  I  had  a  great  deal  of  trouble  in  filtering.    The  timothy  hay . 
took  between  six  and  seven  hours  to  filter  and  wash. 

J.  H.  Norton, — Fiber  by  the  KSnig  method  was  filtered  in  a  funnel  with  a  2-inch 
pon-elain  plate  and  asbestos,  no  platinum  being  available.  The  timothy  hay  gave 
trouble,  as  it  was  so  loose  as  to  allow  it  to  suck  through  with  soine  aslK\*!t(x«.  In  each 
case  the  washing  was  continued  until  the  licjuid  came  through  clear.  Attemjit  was 
made  to  filter  the  distiller's  grains  the  same  as  the  hay,  but  the  filter  cloggtHi  and 
had  to  be  transferred  to  a  3-inch  H  irst^h  funnel  with  asbestos.  A  Icohol  seemed  to  have 
a  greater  solvent  effect  than  ether  and  alcohol.  The  fiber  from  the  distiller's  grains 
gave  trouble  in  burning  on  account  of  the  large  quantity  of  aalx^stos  it  was  necessary 
to  use. 

<X)MMBNT8   OF  KEPERRE. 

The  claim  that  the  Konig  method  is  shorter  than  the  official  methml  does  not  seem 
to  be  realized  by  all  the  chemists,  the  complaint  of  the  difiiculties  in  filtering,  where 
the  Konig  process  was  used,  being  very  general.  Your  referee  has  found  the  use  of 
a  flat-bottomed  perforated  iKjrcelain  funnel,  the  kind  designated  in  (Tcrman  labora- 
tories as  a  "Nutsche,"  and  listed  in  our  catalogues  as  a  Biichner  funnel,  very  conven- 
ient for  difficult  filtrations.  By  using  a  filter  of  linen  or  of  hardened  pai)er  and  by 
first  diluting  the  hot  glycerol-Acid  mixture  with  lx>iling  water,  the  filtration  and 
washing  by  the  Konig  method,  employing  such  a  funnel  as  the  one  just  described, 
occupied  not  over  ten  minutes.  The  most  serious  objection  to  the  Konig  method,  as 
it  now  stands,  in  the  opinion  of  your  referee,  consists  not  in  the  difficulty  of  filtra- 
tion, for  that  may  be  in  a  great  measure  prevented,  but  in  the  danger  we  run  of 
obtaining  an  impure  quality  of  fiber.  The  fiber  is,  to  be  sure,  practically  free  from 
pentosans,  and  a  distillation  with  hydrochloric  acid  gives  only  traces  of  furfurol,  but 
the  boiling  glycerol-sulphuric  acid  mixture  does  not  effect,  on  the  other  hand,  any- 
where near  a  complete  removal  of  the  albuminoid  matter  in  matt^rials  high  in  pro- 
tein. It  will  be  noted  in  Table  IV  that  a  lower  percentage  of  filx»r  was  found  by 
the  Konig  method  with  the  hay,  while  with  the  distiller's  grains  the  Konig  method 
gave  in  most  cases  several  per  cent  more  fiber.  This  is  undoubtedly  due  to  the  high 
percentage  of  protein  left  in  the  fiber  obtained  by  Konig's  process,  this  containing  in 
one  case  1.08  per  cent  nitrogen,  equivalent  to  6.81  per  cent  protein.  The  official 
method  also  does  not  give  us  a  fiber  absolutely  free  from  albuniinoidn;  it  is,  however, 
much  purer  in  this  respect  than  the  fiber  obtained  by  the  Konig  process,  the  amount 
found  in  the  fiber  from  the  distiller's  grains  by  the  official  method  in  one  ca.«e  l)eing 
1.75  per  cent,  about  one-fourth  that  obtained  by  the  Konig  metho<l. 

Your  referee  believes  we  would  experience  this  difficulty  with  the  Konig  method 
on  all  feeding  materials  high  in  protein,  so  that  we  would  have  little  to  gain  by 
adopting  a  method  which,  while  securing  greater  accuracy  on  one  side,  incurs  still 
greater  errors  on  another.  As  Mr.  Thatcher  observes,  the  two  methods  give  results 
that  are  in  no  way  comparable.  The  difficulty  may,  I)erhap^J,  be  obviated  by  modi- 
fying the  methoti  of  Konig,  so  that  it  will  include  a  treatment  of  boiling  the  fil)er 
with  alkali  as  with  the  official  method.  Your  referee  has  made  determinations  of 
the  fiber  in  the  two  samples,  using  such  a  modification  of  the  Konig  method,  and 
obtained  27.49  per  cent  fiber  for  the  timothy  hay  and  17.78  per  cent  for  the  distiller's 
grains,  results  several  per  cent  lower  than  those  obtained  by  the  simple  boiling  with 
the  glycerol-sulphuric  acid  mixture.  The  resultant  fiber  was  much  whiter  after 
boiling  with  the  alkali;  it  contained  1.45  per  cent  protein  and  seemed  to  be  nearly 
free  from  lignin,  as  well  as  from  pentosans. 
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Your  referee  would  PtK^ommend  a  further  study  of  the  Konij;  method  for  next  y^ar, 
with  the  additional  treatment  of  the  filxjr  with  alkali  as  l)y  the  official  method.  We 
may  he  able  in  this  way  to  arrive  at  a  l)etter  method  of  eptimating  fiber.  It  doetj  not 
seem  right  to  throw  the  matter  up  without  further  trial.  The  results  on  timothy  hay 
show  that  seven  chemists  obtained  results  by  the  Konig  method  agreeing  within 
nearly  2  per  cent,  something  that  can  not  be  said  of  the  official  method.  Your 
referee  does  not  believe  that  the  Konig  method  as  it  now  stands  should  be  adopted 
by  the  association. 

Estimation  of  Pentosans. 
The  results  on  pentosans,  so  far  as  reported,  are  presented  herewith: 
Table  V. — Deter  mi  tuithn  of  peniomana. 


Analyst. 


E.  B.  Holland,  Massachusetts 

L.  A.  Hill,  New  Hampshire 

A.  W.  Bosworth,  Rhode  Lsland 

C.  A.  Browne,  jr.,  Pennsylvania 

J.  H.  Norton,  U.  S.  Department  of  Apiculture  . 

Average 


Timott 

ly  hay. 

Water-free 
basis. 

Distiller 

s  grains. 

Original 
material. 

Original 
material. 

Water-free 
btisi.s. 

/Vr  cent. 

/Vr  cent. 

Per  cent. 

Per  cent. 

23.69 

26.23 

21.24 

23.18 

21.94 

24.22 

21. 95 

24.08 

24.71 

26.93 

22.07 

24.09 

24.61 

27.14 

21.99 

24.01 

23.58 

26.30 

21.00 

28.15 

23.71. 

26.16 

21. 65 

23. 70 

Byway  of  comment,  Mr.  E.  B.  Holland  says:  "Not  being  in  favor  of  the  new 
suggestion  as  to  the  amount  to  be  taken,  3  grams  were  used  as  usual.  The  phloro- 
glucol  used  was  Mercks  chemically  pure,  and  the  solution  was  prepared  in  the  pro- 
portion of  6.5  grams  to  750  cc  of  12  per  cent  hydrochloric  acid." 

Your  referee  would  like  to  recommend  at  this  point  the  adoption  by  the  association 
of  the  new  factors  of  Kr<)ber  for  calculating  pentosans. «  The  factors  at  present  in 
use,  worked  out  originally  by  Tolleivs  and  Kriiger,  are  now  really  obsolete  and  should 
be  discarded.  As  is  stated  in  an  abstract*  in  the  last  number  of  the  Experiment 
Station  Record  <*  **the  close  concordance  between  the  data  given  by  Rimbach  and 
Krober  indicates  the  correctness  of  the  new  figures."  One  principal  objection  to  the 
present  factors  is  that  they  can  not  be  successfully  applied  to  small  amounts  of 
phloroglucid,  the  subtraction  of  the  figure  0.0104  from  the  calculated  weight  of 
furfurol  frequently  giving  negative  results. 

Considerable  study  is  lx*ing  devoted  to  the  subject  of  pentoses  and  pentosans  in 
Germany  just  at  present,  as  is  seen  by  the  numerous  contributions  of  Tollens, 
Salkowski,  Neuberg,  and  others.  The  recent  discovery  by  Hammarsten  of  pentosans 
in  the  nucleo-pnjteids  of  the  jwincreas  and  in  other  parts  of  the  animal  organism  has 
especially  stimulated  researches  in  this  direction,  more  however,  from  the  physiological 
side.  Good  workable  methods  have  been  devised  for  the  qualitative  separation  of 
the  pentoses  from  one  another,  use  l>eing  made  of  the  various  substituted  hydra- 
zins,  such  as  benzylphonyl  hydrazin  and  diphenyl  hydrazin,  and  successful  attempts 
have  been  made  toward  using  these  reagents  quantitatively.      Your  referee  has 

« Journal  fur  Landwirthchaft,  48,  1900,  p.  375-384. 

ft  For  fuller  particulars  concerning  Krober's  factors  see  the  original  articles  by 
Krober,  Journal  fur  Landwirthschaft,  1900,  p.  375;  1901,  p.  7.  Also  articles  by 
Tollens,  Zeitschrift  fiir  angewandte  Cliemie,  1902,  pp.  477  and  508,  and  Zeitschrift 
fur  physiologische  Chemie,  1902,  p.  239. 

c  Vol.  14,  No.  i,  p.  9. 
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employed  the  benzylphenyl  hydrazin  with  success  in  isolating  arabinose  from  dif- 
ferent materials,  and  has  a  specimen  of  the  arabinose  benzylphenyl  hydrazone 
which  he  has  recently  obtained  from  timothy  hay.  There  is  no  reason  why  these 
and  other  newly  discovered  methods  may  not  be  successfully  employed  to  increase 
our  knowledge  of  the  constitution  of  many  feeding  materials. 

Estimation  op  Starch. 

Only  two  chemists  made  reports  upon  starch,  the  others  finding  it  impossible  to 
do  this  part  of  the  work  from  lack  of  time.    The  following  results  were  obtained: 

Table  VI. — Determination  of  starchy  diastase  method. 


Analyst. 


E.  B.  Holland,  Massachusetts  . . . 
C.  A.  Browne,  jr.,  PennsylTania . 

Average 


Distillery  grains. 

Original 
material. 

Water- free 
basis. 

Per  cent. 
4.95 
2.17 

Per  cent. 
5.40 
2.37 

3.56 

3.89 

The  distillery  grains  had  the  appearance  of  being  well  malted,  and  the  microscope 
showed  with  iodin  only  traces  of  starch.  In  a  similar  sample  of  distiller's  grains 
which  your  referee  examined  some  years  ago  2.66  per  cent  of  startih  was  found;  the 
pentosans  were  also  determined  just  before  and  just  after  the  malt  digestion.  Pen- 
tosans in  residue  before  malt  digestion  were  22.16  per  cent  of  the  original  substance, 
and  after,  20.98  per  cent;  the  difference,  or  pentosans  removed  by  malt  digestion, 
being  1.18  per  cent. 

Similar  results  are  reported  by  Lindsey  «  upon  com  meal,  wheat  middlings,  and 
lupine  seeds.  There  would  therefore  appear  to  be  a  danger  that  with  materials 
high  in  pentosans  small  amounts  of  the  latter  may  be  dissolved  during  the  malting 
process,  being  afterwards  hydrolyzed  and  estimated  as  starch.  A  study  of  this  point 
was  made  some  yeafs  ago  by  the  association,  by  determining  the  pentosans  in  the 
extracts  after  the  malt  digestion.  This  never  seemed  to  show  very  much,  principally 
for  the  reason,  already  indicated,  that  our  present  formulae  are  not  adapted  to  calcu- 
lating small  amounts  of  pentoses  or  pentosans.  Applying  Krober's  formula  to  the 
weights  of  phloroglucid  would  show  an  appreciable  amount  of  pentosans  in  these 
extracts. 

As  an  illustration  of  this,  a  quantity  of  xylose  having  been  obtained  from  timothy 
hay,  10  mg  (1  per  cent  of  1  gram)  w^ere  distilled  with  hydrochloric  acid  and  pre- 
cipitated with  phloroglucin  as  usual.  The  weight  of  phloroglucid  obtained  was  10.3 
mgs.  This  corresponds  to  14  mgs  xylose  (1.4  per  cent  of  1  gram),  using  Kn)ber's 
formula.    The  formula  now  employed  gives  a  minus  quantity. 

To  study  better  the  effect  of  diastase  upon  the  pentosans,  the  experiment  was  tried 
of  first  isolating  the  pentosans  from  other  substances  before  beginning  the  digestion 
with  malt.  Several  hundred  grams  of  timothy  hay  were  finely  ground,  Avashed  first 
with  cold  dilute  hydrochloric  acid,  then  with  water,  and  lastly  with  boiling  alcohol. 
From  the  hay  thus  purified  the  pentosans  were  extracted  with  dilute  soda,  precipi- 
tated with  alcohol,  then  purified  and  dried  according  to  the  method  of  Wheeler  and 
ToUens. 


o  U.S.  Dept.  Agr.,  Division  of  Chemistry,  Bui.  51,  p.  91. 
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Working  upon  this  material  the  following  resultfl  were  obtained: 

'    Per  cent. 
Pentosans  removed  by  malt  digestion  (by  inverting  and  determining  copper 

reducing  power) a  28. 56 

Pentosans  removed  by  water  digestion  alone  (by  inverting  and  determining 

copper  reducing  power) «  21. 42 

Difference,  or  jientosans  removed  through  diastase 7. 14 

The  exi)eriment«  were  carried  out  together  under  exactly  similar  conditions.  The 
time  of  digestion  was  six  hours.  The  results  would  indicate  that  diastase  seems  to 
exert  some  solvent  effect  upon  the  pentosans,  at  least  when  isolated.  This  solvent 
action  is,  however,  undoubtedly  much  diminished  when  the  pentosans  exist  in  com- 
bination with  cellulo&e  and  lignin  in  cellular  tissues.  The  error  introduced  into  the 
starch  determination  with  our  common  feeding  materials,  judging  from  the  percent- 
age of  pentosans  removed  during  the  malt  digestion,  would  probably  rarely  exceed  1 
per  c«nt. 

REt'OMMENDATIONS. 

It  is  recommended  that  after  the  sixteenth  line  the  method  for  determining  pen- 
tosans l>e  changed  to  read  as  follows,  following  the  directions  prescribed  by  Krober: 

The  solution  is  made  up  to  400  cc  with  12  per  cent  hydrochloric  acid  and  allowed 
to  stand  overnight.  The  amorphous  black  precipitate  is  filtered  into  a  tared  Gooch 
through  an  asbestos  felt,  washed  carefully  with  150  cc  of  water  in  such  a  way  that 
the  water  is  not  entirely  removed  from  the  crucible  until  the  very  last,  then  dried  to 
constant  weight  by  heating  four  hours  at  100°  C,  cooled,  and  weighed  in  a  weighing 
bottle,  the  increase  in  weight  being  reckoned  as  phloroglucid.  To  calculate  furfurol, 
pentose,  or  pentosan  from  the  phloroglucid,  use  the  table  by  Krober.^ 

Mr.  Bkowne.  I  have  a  communication  on  filtration  in  determina- 
tions of  crude  fiber  from  Mr.  Thatcher,  which  he  authorizes  me  to  read. 

NOTE  OS  PILTEATIOlf  IN  DETEEMINATIO|rS  OP  OEUDE  PIBEK 
By  R.  W.  Thatcher. 

All  analysts  of  foo<i  products,  or  feeding  stuffs,  are  familiar  with  the  difficulty 
which  is  often  experience<l  in  filtering  off  the  acid  and  the  alkaline  licjuiiis  in  the 
determinations  of  crude  fiber  by  the  official  method  of  the  Association  of  OflBcial 
Agricultural  Chemists.  Hence  I  wish  to  suggest  the  following  modification  of  the 
usual  procedure,  which  I  have  found  to  give  very  satisfactory  results: 

Select  a  funnel  of  sufficient  size  to  contain  the  entire  bulk  of  the  mixture  to  be 
filterwl  and  fit  into  its  point  a  small  platinum  filtering  cone.  Introduce  enough 
ignite<l  asl^estos  w(X)l  to  fill  the  cone  a  little  more  than  full.  Upon  moistening,  the 
wool  softens  into  a  fluffy  mass,  which  may  be  drawn  down  into  a  firm,  clf>se  filter  by 
suction.  The  mixture  to  be  filtered  is  now  i)oure<l  into  the  funnel,  with  the  usual 
care  to  avoid  disturbing  the  asbestos  layer,  and  suction  is  applied.  The  filtrate 
obtaimnl  hi  this  manner  has  always  l)een  found  to  l)e  free  of  Huspende<l  particles  of 
til)er.  Filtration  is  very  rapid  in  all  cases  except  when  working  with  finely  ground 
flour  or  spices,  which  tend  to  clog  the  filter  and  impede  the  flow  of  the  filtrate. 
In  such  cases  place  the  funnel  in  an  ordinary  jacket  of  boiling  water  or  steam  in 
order  to  secure  hot  filtration,  transfer  the  entire  ma.«s  to  he  filtered  to  the  fimnel,  and 
apply  the  suction  as  usual.  Filtration  will  then  pnx^eed  at  the  dtisired  temperature 
and  without  further  attention  from  the  operator,  thus  avoiding  the  two  objections  to 

«  Pentosans  =  dextrose X 0.97x0. 88.     Stone  Am.  C'hem.  Jour.,  13,  73. 
'>See  reiK>rt  of  chairman  of  Committee  B  for  factors.     For  table  in  full  see  **  Jour- 
nal fur  Landwirthschaft,  48:  1900,  pp.  375-384. 
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the  use  of  the  Gooch  filter  as  recommended  in  the  official  method.  After  filtration 
and  washing  are  complete,  transfer  the  contents  of  the  funnel  to  a  ])latinum  evapo- 
rating dish,  rinsing  the  last  particles  of  fil)er  from  the  funnel  to  the  dish  with  a  fine 
jet  of  distilled  water.  £vaporate  off  the  water  thus  used,  dry  to  constant  weight, 
and  oomplete  the  determination  as  usual.  I  prefer  this  mode  of  operation  to  the 
use  of  a  paper  filter,  with  correction  for  loss  of  weight  sustained  hy  the  paper  in  a 
blank  determination,  as  suggested  hy  Winton,«  for  the  reason  that,  in  addition  to 
the  possibility  of  obtaining  additional  fibt»r  from  the  paper  used  in  the  acid  filtra- 
tion, I  have  found  that  duplicate  determinations  of  the  correction  to  be  applie<l  do 
not  always  give  concordant  results,  probably  because  of  variations  in  the  weight  and 
composition  of  individual  filters  in  any  given  pack  of  them.  I  have  used  the 
method  outlined  above  for  several  years  and  upon  a  great  variety  of  samples  with 
uniformly  satisfactory  results.  In  the  cases  where  filtration  is  slow  it  proceeds 
without  attention  from  the  analyst,  thereby  relieving  the  tediousness  of  the  oi)era- 
tion  very  materially. 

Mr.  Wiley.  I  have  a  paper  from  Mr.  Parsons  on  foods  and  feeding 
stuffs,  which  I  think  should  be  presented  at  this  time.  Mr.  Parsons 
regrets  that  he  is  not  here  to  attend  the  meeting,  and  offers  some  sug- 
gestions in  regard  to  the  analysis  of  malt  liquors: 

BUOGESTIOirB  AS  TO  THE  ANALYSIS  OF  MALT  LIQTTOES. 
By  Charles  L.  Parsons. 

I  have  recently  had  occasion  to  make  analyses  of  a  large  numl>er  of  samples  of  beer 
in  connection  with  legal  work  in  this  State  where  the  question  is  not  so  much  to 
determine  the  alcohol  content  as  to  prove  the  malt  origin  of  the  liquor  under  (jues- 
tion.  This  makes  a  very  complete  analysis  necessary,  and  I  think  that  st^veral 
important  changes  can  be  advantageously  made  in  the  methods  which  will  insure 
much  greater  rapidity  without  sacrificing  accuracy.  I  beg  to  submit  the  following 
stkggestions: 

Alcohol. 

Discard  the  use  of  hydrometer  altogether.  The  best  made  are  not  sufficiently 
accurate.  Use  the  picnometer  with  thermometer  stopper,  and  allow  the  use  of  any 
temperature  from  15.6  to  25°C.  according  to  temperature  of  atmosphere,  the  jmrno- 
meter  to  be  calibrated  with  distilled  water  at  the  same  temperature.  This  may  seem 
a  radical  departure  and  will  be  criticised,  but  a  study  of  the  coefficient  of  expansion 
of  pure  water  and  mixtures  of  alcohol  and  water  ^  will  show  that  with  such  dilute 
solutions  of  alcohol  as  are  under  consideration  the  error  would  be  less  than  0.01  per 
cent.  This  error  is  less  than  would  result  from  evaporation  due  to  capillarity  around 
the  ground-glasB  stopper  if  the  picnometer  is  filled  at  15.6°C.  and  then  brought  to 
room  temperature  to  avoid  condensation  on  the  glass,  is  much  less  than  would  arise 
from  the  use  of  a  hydrometer,  and  is  fully  as  accurate  as  by  calculation  fn)m  the 
tables  of  Squibb. 

Protein. 

Boil  down  the  beer  taken  to  a  small  bulk,  but  not  to  dryness,  after  acidification 
with  a  few  drops  of  sulphuric  acid  before  the  main  quantity  of  sulphuric  acid  or 
potassium  sulphate  is  added.  This  will  do  away  with  the  foaming  which  is  other- 
wise almost  uncontrollable. 


aCohn.  Agr.  Expt.  Sta.  Report,  1898,  p.  189,  and  Bui.  65,  Bur.  of  Chem.,  U.  S.  Dept. 
Agri.,  pp.  68, 154,  and  155. 

^Makins,  Jour.  Chem.  Soc.,  99:  224,  and  Silbermann,  Comptes  Rendus,  October, 
1848. 
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Phosphoric  Acid. 

The  uranium  acetate  method,  which  is  so  extremely  rapid,  can  be  applied  with 
accuracy  to  the  beer  ash  if  the  ash  is  first  moistened  with  concentrate^  hydrochloric 
acid  and  the  acid  evaporated  in  the  water  bath.  I  have  made  comparative  analyses 
with  the  gravimetric  molybdenum  method  and  find  that,  if  tfaiq^ressed  in  the 
customary  terms  of  percentages  of  the  beer  taken,  the  method  can  be  depended  upon 
to  the  third  decimal  place  with  certainty.  The  end  point  of  the  titmtion  is  exceed- 
ingly sharp  when  the  ash  is  used.  If  acetic  acid  is  substituted  for  hydrochloric,  or  if, 
after  evaporation  of  the  acid  the  ash  is  heated  much  above  the  temperature  of  boil- 
ing water,  part  of  the  phosphates  are  not  attacked  by  the  uranium  solution.  Use 
50  cc  beer  for  the  ash  and  a  uranium  acetate  solution,  one  cc  of  which  is  equivalent 
to  0.01  per  cent  phosphoric  acid. 

Sulphates  in  Ash. 

Incorporate  a  method  for  the  determination  of  sulphates  and  allow  the  use  of  the 
regular  gravimetric  method  and  the  photometric  method  of  Hinds; «  this  latter  can 
be  applied  to  the  same  solution  as  is  used  to  determine  phosphoric  add  after  it  has 
been  acidified  with  hydrochloric  acid.  Hinds's  own  tables  agree  much  more  closely 
with  the  gravimetric  than  those  of  Jackson.  &  By  using  the  uranium  method  for 
phosphates  and  the  photometric  for  sulphates,  these  two  determinations  can  be  com- 
pleted in  about  fifteen  minutes  after  weighing  the  ash. 

Ash. 

Use  50  cc  of  beer  instead  of  25  cc  in  order  to  correspond  with  the  determinations 
of  phosphoric  acid  and  sulphates. 

Free  Acid. 

Dilute  10  cc  of  the  beer  several  times  with  distilled  water,  add  phenolphthaiein, 
and  titrate  with  tenth  normal  sodium  hydrate.  The  end  point  is  sharp  and  agrees 
with  that  obtained  by  delicate  litmus  paper. 

Mr.  Wiley.  I  have  just  received  a  letter  from  Mr.  Shutt,  who 
regrets  his  inability  to  be  present  on  account  of  an  attack  of  appendi- 
citis, lie  had  hoped  up  to  the  last  moment  to  come  and  fears  by  rea- 
son of  his  indisposition  that  he  will  not  be  able  to  serve  as  referee,  but 
hopes  to  remain  the  associate,  as  at  present. 

The  President.  Is  it  the  pleasure  of  the  association  to  communi- 
cate through  our  secretary  the  best  wishes  of  the  association  to  Mr. 
Shutc? 

Mr.  BoswoRTH.  1  move  Uiat  the  secretary  be  instructed  to  com- 
municate our  best  wishes  to  Mr.  Shutt. 

The  motion  was  adopted. 

[Note  by  the  Editor. — ^The  following  letter  was  sent  to  Mr.  Shutt  in  accordanc 
with  the  above  instructions:] 

October  9,  1902. 
Mr.  F.  T.  Shutt, 

Experimental  Farm\  OtUiwa^  Canada. 
Dear  Sir:  Upon  the  receipt  of  the  unwelcome  news  of  your  illness,  at  the  last 
annual  meeting  of  the  Association  of  Official  Agricultural  Chemists,  I  was  instructed 

« Jour.  Amer.  Chem.  Soc,  22:  269.  «>lbid.,  28:  799. 
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to  extend  to  you  the  sympathy  of  that  body,  together  with  their  regrets  that  you 
should  be  absent  from  the  meeting,  and  their  earnest  wish  for  a  speedy  recovery.    To 
this  I  would  add  an  expression  of  my  own  personal  regret  and  the  hope  that  you 
are  now  on  the  road  to  recovery. 
Sincerely, 

H.  W.  Wiley,  Secretary  A.  O.  A.  0. 

Mr.   Van  Sltke.  I  move  that  we  adjourn   until  9.30  to-morrow 
morning. 

The  motioa  prevailed,  and  the  meeting  adjourned  at  4  o'clock  p.  m. 
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THIRD  DAY. 

SATTJEDAY— MOENINO  SESSION. 

The  meeting  was  called  to  order  by  the  president  at  9.30  a.  m. 

EEPOET  ON  INSEOTIOIDES  AND  FTHTGHOIDES. 
By  J.  K.  Haywood,  Refei'ee. 

The  work  for  this  year  uiwn  insecticides  and  fungicides  has  consisted  principally 
in  testing  various  methods  that  have  been  gathered  together  in  previous  years. 

Outline  of  Work. 

The  following  circular  letter  was  sent  out  to  all  the  station  chemists: 

Dear  Sir:  Having  been  appointed  referee  on  insecticides  and  fungicides  by  the 

Association  of  Official  Agricultural  Chemists,  I  desire  to  know  if  you  will  cooperate 

w^ith  Mr.  Emery,  the  associate  referee,  and  myself  in  the  work. 
The  Hubject  will  be  divided  into  six  groups,  as  follows: 

1.  Potash  and  soda  l^es  and  soaps. 

2.  Arsenical  insecticides. 

.S.  Copper  in  copper  carlwnate. 

4.  Cyanogen  in  potassium  cyanid. 

5.  Formaldehyde  in  formalin. 

().  Nicotin  in  tobacco  and  tobacco  extracts. 

Will  you  kindly  let  me  know  what  group  or  groujw  you  will  be  able  to  work  upon, 
and  oblijre^ 

Yourn,  very  truly,  J.  K.  Haywood,  Referee. 

It  wjis  hoi>ed  that  a  seventh  clas.*?,  petroleum  products,  could  be  added,  but  the 
chenu>»t  who  was  to  work  upon  this  olaps  has  not  reported  any  results. 

Twenty-thn*e  replies  were  received  to  this  letter,  15  favorable  and  8  unfavorable. 
Including  the  referet*,  16  signifiecl  their  desire  to  cooperate  in  the  work.  Thirteen 
asked  for  samples  of  arsenical**,  7  for  samples  of  copper  carbonate,  5  for  samples  of 
|K)tash  and  s^nla  lyes  and  soaps,  5  for  samples  of  formalin,  and  5  for  samples  of  tobacco 
extract. 

Samples  and  copies  of  the  methods  of  analysis «  were  forwarded  to  those  who 
desired  to  coo]:)erate,  with  the  request  that  they  first  j>erform  the  analysis  exactly  as 
directed,  then  suggest  any  changes  that  they  might  think  necessary  to  either  expe- 
dite or  render  more  accurate  the  method  as  outlined. 

The  following  reports  have  been  received:  Nine  on  arsenicals,  4*  on  copper  car- 
bonates, 4  on  potaKHium  cyanid,  4  on  soda  lye,  2  on  whale-oil  soap,  5  on  formalin,  and 
3  on  tobacco  extracts. 


</ See  Circular  No.  10,  Bur.  of  (-hem.,  U.  S.  Dept.  of  Agr.,  ** Methods  for  the  analysis 
of  insecticides  and  fungicides." 
158 
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P.\Ri8  Green. 

The  following  table  shows  the  comparative  results  obtained  on  Paris  green  by 
employing  the  methods  of  analysis  referred  to  above: 

Table  I. — Results  of  work  done  on  Paris  green. 


Analyst, 

H.O. 

Perct. 

0.75 

.68 

Total  As.Oj. 

Soluble  AsxOj. 

Soluble 
CuO. 

Total  copper 

Method 
I. 

Pcrct. 
57.75 
57.63 
57.75 
57.50 

Method 
II. 

Method 
J. 

Method 
11. 

Pcrct. 
3.10 
2.85 

Method 
11. 

Method 
I. 

Method 
II. 

L.H.  Smith,  niinols 

PercL 
56.65 
56.65 

Per  H. 
0.78 

.78 

Perct. 

0.95 

.70 

Perct. 
29.83 
29.83 

Perct. 
31.43 

31.30 
31.43 



31.43 

31.43 

H.T.Beans,  Idaho 

.60 
.63 

.61 
.41 
.•13 
.37 
.40 

56.82 
56.89 
56.70 
66.89 
56.75 
57.08 
57.15 
56.78 
57.02 

56.44 
66.45 
56.45 

.38 
.41 

2.06 
2.08 

.64 
.40 

30.00 
30.12 
30.08 
30.24 

28.88 

29.32 
29.46 

T.  M.  Price,  Maryland 

57.16 
56.21 
66.19 
54.83 
54.83 

.60 

.62 

.65 

1.67 

1.63 

2.72 
2.77 
2.22 

3.45 

30.31 

30.15 

R.  W.  Thatcher,  Washington 

D.   L.  Cleaves,  MasHachusetts 

1.05 
.35 

30.80 
80.56 

30.78 
80.45 
30.71 

(Hatch). 

30.40 

30.52 

R.  J.  Davidson,  Virginia 

.63 
.63 

.53 

.59 
.57 

56.73 
66.78 
56.76 
66.74 
56.74 
56.74 
57.21 
57.09 
56.66 
56.66 

56.61 
56.56 

.53 
.54 

3.63 
8.63 
3.63 

1.05 
1.05 

30.60 
30.60 
30.60 
30.32 
30.32 
30. 32 
30.42 

31.19 

31.40 
31.19 

31.40 

1 

H.  J.  Warner,  Bureau  of  Chemistry, 
U.  S.  Department  of  Agriculture. 

James  Emery,  Biochemic  Division, 
Bureau  of  Animal  Industry,  U.  s. 
Department  of  Agriculture. 

J.  K.  Haywood,  Bureau  of  Chem- 
istry, r.  S.  Department  of  Agri- 
culture. 

57.09 

56.36 
56.66 

.73 

.77 

.95 

1.00 

3.87 

«30.97 
30.97 



!«.10 
:».35 

30.45 
30.45 

30.78 

.73 

56.93 
57.16 
57.16 

57.39 
57.  ai 
57. 17 

.74 
.74 

2.94 
2.85 

.50 
.50 

30.43 
30.43 

b'SO.TS 
30.73 
31.17 

a  A  determination  of  copper  oxid  by  weighing  the  oxid  gave  31.07  per  cent. 
b  Determination  of  copper  by  electrolysis  gave  30.87  per  cent  copper  oxid. 

cx)mment8  by  analysts. 

L.  IL  SniUh. — In  the  determination  of  soluble  copper  (»xid  the  precipitate  was  not 
bamed  with  powdered  sulphur. 

//.  1\  Beans. — In  Method  II,  for  total  arsenious  oxid,  it  is  much  shorter  and  just 
as  accurate  to  standardize  the  iodin  solution  against  a  solution  of  arsenious  oxid 
made*  by  dissolving  chemically  pure  arsenious  oxid  in  a  hot  solution  of  sodium  ])icar- 
bonate. 

D.  L.  Cleaves. — In  the  determination  of  total  copper  oxid  by  Method  I,  no  matter 
how  much  sodium  thiosulpliate  was  added,  no  end  jwint  could  be  obtained.  In  the 
determination  of  total  arsenious  oxid  by  Method  II  it  was  impossible  to  obtain  a 
clear  solution  with  hydrochloric  acid. 

E.  W.  Thatcher. — Method  II,  for  total  arsenious  oxid,  is  in  my  opinion  a  very  excel- 
lent one  for  work  with  samples  of  pure  green,  but  unfortunately  the  cold  dilute 
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hydrochloric  acid  used  in  dissolving  the  green  does  not  completely  dissolve  any  crys- 
tals of  free  arsenious  oxid  that  may  have  been  added.  My  experience  is  that  such 
adulteration  is  by  no  means  so  uncommon  as  to  warrant  the  adoption  of  a  method 
which  will  fail  to  include  free  arsenious  oxid  in  the  total  as  determined  by  it. 

The  following  comparative  determinations  of  the  total  arsenious  oxid  in  some  com- 
mercial samples  of  paris  green  receive<l  for  analysis  at  this  laboratory  were  made  at 
the  same  time  that  the  above  work  was  done: 

Table  II. — (hmjmratire  (ktennijiationa  of  total  arsenious  oxid. 


Sample. 


Total  arsenlouM  oxid. 


Method  I.  ;  Method  II. 


1. 
2. 
3. 

4. 
5. 


Per  cent. 
56.32 
66. 6U 
56.71 
61.25 
62.24 


Per  cent, 
56.33 
56.58 
56.20 
52.23 
50.37 


Soluble 
areenlouB 

oxid. 
Method  I. 


Percent. 

0.68 

.70 

.84 

10.89 

12.16 


DISt'rSHION   OF   RESULTS. 

The  figures  in  Table  I  for  the  amount  of  arsenious  oxid  by  Method  I  show  that 
the  agreement  l>etween  the  figures  obtained  by  each  analyst  and  the  agreement 
between  the  work  of  different  analysts  are  most  excellent.  In  fa(*t,  there  are  few  of 
our  methods  which  would  give  better  results  in  the  hands  of  different  chemists 
working  upon  sul)8tan('es  containing  such  large  percentages  of  the  component  to  be 
determined.  It  is  true  that  one  set  of  results  is  slightly  higher  than  the  rest,  but 
they  are  very  little  higher,  and  this  could  very  easily  arise  from  a  difference  of  0.2  cc 
in  the  burette  reading. 

In  the  third  column  are  given  the  results  obtained  by  Method  II  for  total  arsenious 
oxid.  It  will  Ixj  seen  at  once  that  these  figures,  obtained  by  different  analysts,  asree 
very  nearly  as  well  as  those  obtained  by  the  previous  method,  with  one  exception. 
The  general  tendency,  however,  seems  to  be  in  the  direction  of  obtaining  slightly 
lower  figures  by  this  meth(Hl  than  by  Methotl  I.  This  is  doubtless  due  to  the  fact 
that  the  free  arsenious  oxid  present  in  the  Paris  green  does  not  go  into  solution  with 
the  dilute  hydrochloric  acid  u.*<ed.  The  referee  has  ol)served  many  times  that  quite 
long  stirring  is  necessary  to  cause  the  free  arsenious  oxid  to  go  into  solution  when 
pure  samples  of  Paris  green  are  used,  and  that  it  is  practically  impossible  to  get  the 
free  arsenious  oxid  in  solution  when  samples  containing  large  amounts  of  free 
arsenious  oxid  are  used.  In  this  connection  it  will  be  noticed  that  the  experience  of 
other  analysts  has  been  the  same  as  that  of  the  referee  and  that  Mr.  Thatcher  gives 
figures  to  prove  the  truth  of  this  statement.  I  would  also  add  that,  as  Mr.  Beans 
says,  the  method  can  be  shortened  by  standardizing  the  iwiin  directly  against 
chemically  pure  arsenious  oxid  that  has  been  dissolved  in  sodium  bicarbonate. 
This,  unlike  sodium  hydroxid,  does  not  seem  to  cause  the  arsenites  to  be  oxidized  to 
arsenates  in  lx)iling  solution. 

Neither  of  the  metho<is  for  soluble  arsenious  oxid  give  very  accurate  results.  In 
Method  I,  which  is  supposed  to  show  the  free  arsenious  oxid  existing  as  such  in  the 
green,  excluding  the  extremely  high  figures  1.67  and  1.63,  the  results  vary  from  an 
average  of  0.40  per  cent  to  an  average  of  0.98  per  cent.  While  this  showing  would 
be  very  ixK)r  in  most  detenni nations,  it  is  not  so  unsatisfactory  in  this  particular 
case  as  it  is  only  to  gain  an  approximate  idea  of  the  amount  of  the  arsenious  oxid 
existing  a'^  such  in  the  Paris  grwn  that  this  determination  is  made.  In  fact,  we  do 
not  at  the  present  time  know  within  half  a  per  cent  how  much  free  arsenious  oxid 
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different  plants  can  stand.  Method  II,  leaving  out  the  extremely  high  figure  3.87, 
gives  results  that  vary  from  an  average  of  2.07  per  cent  to  an  average  of  3.63  per  cent. 
The  figures  obtained  by  this  method  seem  to  the  referee  to  give  some  idea  of  the 
stability  of  the  green,  and  hence  this  determination  is  a  rough  measure  of  the  action 
of  the  insecticide  in  actual  orchard  prat^tice.  Looking  at  the  matter  in  this  light,  it 
is  seen  that  if  the  results  by  Method  I  are  low,  and  by  Method  II  high,  the  green  is 
unstable  and  consequently  unfit  for  use,  while  if  the  results  by  l)oth  these  methods 
are  high,  then  free  arsenious  oxid  is  present  as  such  in  the  green,  thus  again  render- 
ing it  unfit  for  use.  The  only  way  that  results  of  a  comparative  nature  can  be  obtained 
by  Method  11  is  to  follow  extremely  strict  rules  as  to  the  amount  of  water  to  be  used, 
the  length  of  time  of  extraction,  and  the  number  of  times  per  day  that  the  mixture 
of  green  and  water  is  to  be  shaken. 

The  figures  for  soluble  copper  oxid  have  no  8i)ecial  significance,  but  the  determi- 
nation was  made  in  the  hopes  that  someone  would,  during  the  year,  work  out  (if 
such  a  thing  is  possible)  the  relation  between  the  green  broken  up,  and  the  soluble 
copper  oxid  that  goes  into  solution. 

The  averages  of  the  results  obtained  by  different  chemists  following  Method  I  for 
total  copper  oxid  agree  fairly  well  with  each  other.  Only  one  chemist  seemed  to 
experience  any  difficulty  in  carrying  out  this  method.  Your  referee  is  of  the  opinion 
from  his  own  experience  with  this  method  that  the  results  obtained  by  it  are  slightly 
below  the  truth,  and  that  one  must  be  very  careful  not  to  make  the  copper  solution 
too  acid  with  acetic  acid,  or  extremely  varying  results  will  be  obtained. 

As  to  Method  II  for  total  copper  oxid,  here  again  most  of  the  averages  agree  well 
with  each  other,  but  are  not  as  close  together  as  one  would  desire.  In  most  cases 
individual  chemists  seem  to  obtain  slightly  higher  results  by  this  method  than  by 
Method  I. 

London  Purple. 

Table  III. — Results  of  work  cUme  with  Ix)iid<m  jmrple. 


Analyst. 


L.H.  Smith,  IllinoiH 

H.T.  Beans,  Idaho 

T.  M.  Price,  Maryland 

R.  W.  Thatcher,  Wa«hinpion 

D.  L. Cleaves,  Massachusetts  (Hatch) 

R,  J.  Davidson,  Virginia 


H.  J.  Warner,  Bureau  of  Chemistry,  U.  8.  Department 
of  Agriculture. 

James Emer}',  BI(»chemic  Division,  Bureau  of  Animal 
Industr>%  U.  S.  Department  of  Agriculture. 

J. fC.  Haywood,  Bureau  of  Chemistry,  U.  S.  Depart- 
ment of  Agriculture. 


H20. 

Total 
AssOg. 

Total 
AsgOft. 

Soluble 
AsjO,. 

Soluble 
AsgOfi. 

Perd. 

Percent. 

Per  cent. 

Percent. 

Percent. 

4.10 

16.85 

25.35 

10.83 

4.58 

4.18 

16.63 
16.56 

27.90 
26.19 

10.60 

4.73 

16.41 
16.60 

27.06 
28.33 

4.06 

10.42 

4.08 

4.07 

16.  M 
15.58 
16.50 

27.82 

10.51 

3.54 

3.80 

27.18 

10.75 

4.25 

3.64 

16.56 

27.16 

10.63 

4.01 

3.63 

16.66 

27.20 

10.68 

4.21 

4.55 

16.65 
16.69 
16.84 

4.34 

4.07 

25.71 

10.83 

5.36 

4.08 

16.79 

25.20 

10.79 

5.42 

16.72 

25.52 

10.57 

5.84 

16.79 
16.87 

25.20 
27.36 

10.62 
11.15 

3.90 

3.94 

3.74 

16.87 
16,65 
16.7-2 
Ki.GI 

27.19 
27.15 

11.15 

3.80 

3.90 

27.02 

11.02 

4.00 

3.90 

16.78 

27.10 

11.04 

4.20 
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t'OMMENTH  OF   ANALYSTS. 

L.  H.  Smith. — ^The  method  for  determining  total  arsenic  acid  was  not  satisfactory 
owing  to  the  dark-colored  solution. 

R.  W.  Thatcher, — ^After  repeated  trials  I  was  finally  able  to  obtain  fairly  concordant 
results  in  determinations  of  total  arsenic  acid.  I  regard  the  method  as  very  unsatis- 
factory, as  it  is  only  with  great  difficulty  that  the  addition  of  too  much  thiosulphate 
is  avoided. 

In  the  determination  of  soluble  arsenious  and  arsenic  acids  I  tried  the  effect  of  sus- 
pending 1  gram  of  substance  in  1,000  cc  of  water,  with  the  following  results:  Soluble 
A^08=12.19,  12.36  and  soluble  As,05=6.81,  6.66. 

Z>.  L.  Cleaves, — It  was  found  impossible  to  determine  the  total  arsenic  oxid,  as  a 
satisfactory  end  point  could  not  be  obtained. 


DISCUSSION  OF  RESULTS. 

The  results  obtained  by  different  chemists  upon  the  method  for  determining  total 
arsenious  oxid  in  London  purple  leaves  little  to  be  desired,  and  at  least  show  that 
close  results  can  be  obtained  by  different  analysts  who  employ  this  method. 

The  results  obtained  by  using  the  method  for  total  arsenic  oxid,  while  they  vary  a 
good  deal,  show  that  this  method  is  worthy  of  further  study.  Five  analysts  obtained 
results  that  agree  very  closely  with  each  other;  one  obtained  results  slightly  below 
the  general  average;  one  obtained  results  slightly  above  the  general  average;  one 
obtained  figures  which,  separately,  were  unsatisfactory,  but  whose  average  agreed  with 
the  figures  of  the  other  five,  and  one  was  not  able  to  obtain  satisfactory  results  at  all. 
Your  referee,  who  first  applied  this  method  to  the  analysis  of  London  purple,  is  aware 
of  the  fact  that  the  end  points  are  very  hard  to  read,  especially  for  one  who  has  had 
no  experience  with  the  method.  He  is,  however,  of  the  opinion  that  as  one  gets 
more  familiar  with  this  method  its  difficult  features  disappear,  and  that  one  can  finally 
arrive  at  such  a  point  that  identical  results,  or  very  closely  agreeing  results,  will  l)e 
obtained  every  time. 

The  results  obtained  by  the  method  for  determining  soluble  arsenious  oxid  in  Lon- 
don purple  agree  fairly  well.  The  results  obtained  by  the  method  for  soluble  arsenic 
oxid  vary  to  quite  an  extent,  but  with  one  exception  are  not  widely  different  from 
one  another. 

Copper  Carbonate. 

Table  IV. — Hesidis  ofwi/rk  done  on  copjyer  carbonale. 


Copper  oxid. 

AnalyHt. 

Method  I. 

Method  II. 

Per  cent, 
58.23 

Method 
by  elec- 
trolysis. 

R.J.Davldaon,VIrginiii 

Per  cent. 

58.47 
58.46 

Percent. 

58.53 
58.29 

H.  J.  Warner,  Bureau  of  Chemistry,  V.  S.  Dupartmcntof  Agriculture. 

58.42 

58. 53 
58.96 

58.96 

James  Emery,  Biochemic  Division,  Bureau  of  Animal  Industry, 
U.  8.  Department  of  Agriculture 

58.  M 
58.54 
58.14 

58.21 
58.24 

58.47 

J.  K.  Haywood,  Bureau  of  Chemistry,  V.  S.  Department  of  Agricul- 
ture ...             .             

&<.96 
58.96 

59.01 
59. 01 

58.60 
«.. 
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The  results  obtained  by  Method  I  agree  with  one  another  much  better  than  they 
did  when  this  method  was  applied  to  Paris  green,  and  seem  to  leave  very  little  to 
be  desired.  Mr.  Emery,  the  associate  referee,  made  electrolytic  determinations  of 
the  copper  in  this  compound  which  showed  that  Method  I  for  such  compounds  as 
these  gives  extremely  accurate  results.  Method  II  gives  results  which  in  three  out 
of  the  four  cases  are  shghtly  too  high. 

Potassium  Cyanid. 

Table  V. — Results  of  work  done  on  potassium  cyanid. 


Analyst. 


Potassimxi 
cyanid. 


R.  J.  DavidBon,  Virginia 

H.  J.  Warner,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture 

James  Emery,  Blochemlc  Division,  Bureau  of  Animal  Industry,  U.  S.  Department  of 
Agriculture 

J.  K.  Haywood,  Bureau  of  Chemistry,  U.  8.  Department  of  Agriculture 


Per  cent. 
52.42 
62.42 
62.42 
52.75 
62.75 

52.31 
52.31 
62.87 
82.87 
63.12 


The  results  obtained  by  using  the  method  as  outline<l  for  the  determination  of 
cyanogen  and  then  calculating  the  results  to  potassium  cyanid  are  very  good  and 
agree  exceedingly  well  with  one  another,  especially  when  we  take  into  considera- 
tion the  fact  that  it  was  very  difficult  to  obtain  even  samples  in  the  beginning,  on 
acGoant  of  the  hygroscopic  nature  of  the  substance  employed. 

Soda  Lye. 

Table  VI. — Results  of  work  dxyne  on  md(t  lye. 


Analyst. 


Sodium  hydrate. 
Method  I.  Method  II.« 


Sodium  carbonate. 
Method  L  !  Method  II.o 


I 


R.  J.  Davidson,  Virginia 

H.  J.  Warner,  Bureau  of  Chemistry,  V.  S.  Department 
of  Agriculture 

James  Emery,  Blochemic  Division,  Bureau  of  Ani- 
mal Industry,  U.  S.  Department  of  Agriculture 

J.  K.  Haywood,  Bureau  of  ('hemistry,  U.  S.  Depart- 
ment of  Agriculture 


Per  cent.  '  Per  cent. 
73.12  I  72.22 
73.12    


72.16 
72.16  I 

71.60 
71.60    . 
71.62  I. 

71.  H4  ' 

71. M 


70.58 
70.44 


71.51 


70.96 
70.80 


Per  cent.    I 
8.61 
3.61  I 

I 
•2.29  I 
2.29  I 

4.85  ' 
4.63 
4.63  I 

2.37  I 
2.13 


J^cent. 
5.28 


3.35 
3.35 


3.17 
3.17 
3.17 


a  Third  normal  potaiwium  acid  sulphate  waM  used  for  the  titration. 

It  was  exceedingly  diflBcult  to  prepare  the  various  samplefl  of  soda  lye  ho  that  they 
would  be  strictly  comparable  with  one  another.  Ijarjje  pie<"es  of  the  lye  were  l)roken 
up,  and  these  smaller  pieces  were  placed  in  bottles  whost;  stoppers  were  covered 
with  parafSn  so  that  the  contents  would  not  absorb  moisture.     Working,  however, 
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with  as  great  rapidity  as  possible,  it  was  not  possible  to  avoid  having  some  samples 
absorb  slightly  more  moisture  and  carbon  dioxid  than  others.  Taking,  then,  these 
facts  into  consideration,  quite  good  results  were  obtained  upon  these  samples  for 
sodium  hydroxid  by  both  Methods  I  and  II.  The  results  obtained  for  sodium  car- 
bonate are  not  so  good,  but  very  likely  this  is  largely  due  to  the  fact  that  the  sam- 
ples absorbed  different  amounts  of  carbon  dioxid,  and  that  the  analysts  failed  to  use 
water  that  was  entirely  carbon-dioxid-free. 

Upon  considering  each  analyst's  work,  it  will  l)e  seen  that  by  Method  I  higher 
results  are  ol)tained  for  sodium  hydroxid  than  by  Method  II,  while  by  Method  I 
lower  results  are  obtained  for  sodium  carbonate  than  by  Method  II,  with  the  excep- 
tion of  Mr.  Emery's  figures. 

It  is  the  opinion  of  the  referee  that  the  results  obtained  by  Method  II  are  more 
accurate  than  the  results  obtained  by  Method  I,  for  the  following  reasons:  In 
Method  I,  after  the  carbonates  are  precipitated  out  by  barium  chlorid,  the  super- 
natant liquid  is  titrated  for  the  sodium  hydroxid  present.  Since  barium  carbonate 
is  soluble  to  quite  an  extent  in  water,  that  portion  which  is  soluble  is  also  titrated 
as  sodium  hydroxid,  thus  iucreaaing  the  sodium  hydroxid  figure.  In  Method  II 
all  of  the  sodium  hydroxid  and  one-half  the  sodium  carbonate  is  first  titrated,  then 
the  other  half  of  the  sodium  carbonate,  so  there  does  not  seem  to  be  the  same  chance 
for  error. 

Whalk-Oil  Soap. 

Table  VII. — Jit'fiultii  of  work  done  on  whale-oil  mmp. 


AnalyHt. 


James  Emery,  Biochemie  DiviHioii,  Bureau  of  Animal  Industry,  U.  8.  Department  of  Agri- 
culture   


J.  K.  Haywood,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture  . 


MoistiiTe. 


PereenL 

37.41 
37.47 
37.37 


The  complete  work  upon  soap  samples  was  not  undertaken  by  any  of  the  chemists 
engaged  in  the  work,  but  two  of  them  made  determinations  of  the  moisture.  As  will 
be  seen,  their  results  agree  very  well  with  each  other. 

Formalin. 
Table  VIII. — KeJfiUls  of  ivork  done  on  formalin. 


Analyst. 


R.  W.  Thatrher,  Washington. 


Formaldehyde. 


Meth(KlII.lMeth(3dlI,, 
Method  I.    by  weigh-     by  distil-   Method  III. 
ing.       I     lation.     ■ 


Per  end. 
36.50 
36.58 
36.76 


Per  cent. 


K.  F.  Ijiidd,  North  Dakota.. 


James  Emery,  Biochemie  Division,  Bu- 
reau of  Animal  Indiwtry,  V.  S.  Depart- 
ment of  Agriculture. 

J.  K.  IIuywcxKl,  Bun'nii  «»f  Clienilstry, 
r.S.  Department  <>f  Ajjriciiltnre. 


38.00 


37. 18 
37.  TJ 


Per  cent. 
36.91 
37.06 


Per  cent. 
35. 31 
34.91 
35.0:? 
35. 53 
35.53 
a5.46 


3ri.  .'A) 

36.16  ! 


36.20 
36.85 


lodometric 
method.a 


Per  cctU. 
36.91 
S6.58 
36.69 


a  Taken  from  Allen's  ('om.  Org.  Analysis,  vol.  1,  p.  229. 
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COMMBNTH   BY   ANALYSTS. 

R.  W.  TImtrher. — In  Methcxl  II,  I  at.tenij)t^Hl  to  <lry  aiid  weijfh  the  hexa-iiiethyl- 
tetrainine  forincil  !)y  evaporating  at  80°  C.  until  the  mixture  ])e^n  to  sputtt^r  and 
then  jilaeinj;  in  a  vacuum  d(»8i(H*ator  over  Hulphuric  acid,  but  found  that  a  month's 
drj'inj;  in  this*  manner  had  not  remove<l  half  the  remaining  moisture,  hence  I  aban- 
dcmeil  this  method  as  impracticable.  I  also  made  three  determinations  on  this 
sample  by  the  iodometric  method. 

E.  F.  Ladd. — Method  I  gave  very  unsatisfactory  results.  We  tried  the  bestgnwies 
of  hydrogen-peroxid  that  could  be  foimd  in  the  market,  but  could  not  secure  concord- 
ant results.  Ours  ranged  from  22  per  cent  to  al)out  33  per  cent.  Metho<l  II  proved 
wholly  unsatisfactory  in  our  hands,  as  both  of  these  methods  have  with  us  in  the  past. 

/.  K.  Haijwood. — In  Method  II  the  dishes  containing  the  hexa-methyl-tetramine 
continued  to  lose  weight  for  three  weeks,  and  were  still  losing  weight  when  the 
determination  was  stopped.  At  the  end  of  almost  two  weeks  the  loss  each  day  was 
practically  constant,  and  at  this  time  the  weight  of  the  residue  in  the  dishes  showed 
the  presence  of  36.66  and  36.45  per  cent  formaldehyde.  After  about  three  more  days 
the  weight  had  decreased  to  such  an  extent  as  to  make  the  figures  for  formaldehyde 
36.50  and  36.16  p(*r  cent.     It  was  very  hanl  to  read  the  end  point  in  Method  III. 

SUGGESTIONS. 

From  the  above  work  done  upon  formalin  and  the  comments  made  by  the  various 
chemists  engaged  in  the  work,  your  referee  is  of  the  opinion  that  Metho<i  II  (by 
weighing  the  residue)  is  nearly  valueless  and  should  be  abandoned.  It  also  hardly 
appears  best  to  do  further  work  upon  Method  III.  It  appears,  then,  that  the  two 
most  promising  methods  are  I  and  II  (by  distilling  off  the  excels  of  ammonia).  It 
might  also  be  well  to  test  the  iodometric  metho<l  referre<l  to  by  Mr.  Thatcher,  and 
the  cyanid  method  referred  to  by  Mr.  Houston  last  year. 

Tobacco  Extract. 
Table  IX. — ResuUn  of  work  done  on  tobacco  extract. 


Nicotine. 

Analyst. 

Method  I. 

Method  II. 

Methcxl  III. 

Per  cnit. 

Per  cent. 

Per  cent. 

R.  J.  Davidson ,  Va  .... 

3  distillationH. .  26.  'M 

After  24  hours 

Ran  as  <lirected 

..     14.71 

4  distillationN. .  '26.40 

standing 31.88 

Extm  extraction 

..     15.18 

4  distillations. .  '26.40 

After  72  hours 

Extra  extraction 

.     '21.00 

5diatillationH..  26.49 

standing  at 

Extra  extraction  — 

.     16.66 

40°  n '26.61 

Extra  extraction 

•23. 67 

After  72  hours 

standing  at 

■iCPC '28.40 

After  48  hours 

standing  and 

heating  to  40" 

C.for72hours'26.10 

Jamea   Emery,  Blo- 

Repeated  dis- 

After 36  hours 

Ran  as  direettnl 

.     17.64 

chexnic     Divifiion, 

tillation  and 

standing  in 

18.14 

Bureau   of   Animal 

small  amount 

breakers '25.65 

Extra  extniction 

.    '21.41 

Industry,  U.  S.  De- 

of   substance 

25. 75 

'21.30 

partment  of  Agricul- 

taken  '27.83 

'26. 87 

ture. 

J  .K.  Haywood,  Bureau 

'28.04 

After  36  hours 

Run  as  directe<l 

.     19.92 

of  Chemistry,  U.  8. 

'25.T.\ 

standing '28.45 

18.24 

DeiJartraent  of  Agri- 

•25.79 

Extm  extraction 

.     -23, 42 

culture. 

26.52 

'24.18 
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COMMENTS  BY   ANALYSTS. 

i?.  /.  Davidson, — By  ruuning  Method  II  exactly  as  directed,  ammonia  was  still 
preaent,  so  large  results  were  obtained.  By  allowing  the  vessel  to  stand  seventy-two 
hours  at  40°  C,  ammonia  was  absent  and  good  results  were  obtained.  A  duplicate 
of  this  gave  high  results.  One  that  st>ood  forty-eight  hours  and  then  seventy-two 
hours  at  40°  C.  gave  good  results. 

By  Method  III,  when  this  was  run  exactly  as  described,  very  low  results  were 
obtained;  when  it  was  extrac^ted  with  12,  10,  10,  10  and  10  cc,  15.18  per  cent  was 
obtained;  when  it  was  extracted  with  12, 11, 10,  and  98  co,  16.66  per  cent  was  obtained, 
and  when  it  was  extracted  with  12, 11, 10,  and  98  cc,  and  then  with  12, 11,  and  10  cc, 
23.67  per  cent  was  obtained. 

James  Emery. — Instead  of  following  directions  exactly  for  Method  I,  a  smaller 
amount  of  the  extract  was  weighed  out  than  is  directed  in  the  method.  The  distilla- 
tion was  continued  until  only  a  small  amount  remained  in  the  distillation  Aask,  then 
the  distillating  flask  was  refilled  with  water  and  again  distilled  with  steam.  For 
Method  II,  the  extract  was  weighed  out  in  beakers  instead  of  flasks  to  allow  the 
ammonia  to  escape  and  allowed  to  stand  with  the  concentrated  sodium  hydroxid 
for  thirty-six  hours.  When  Method  III  was  run  as  directed,  low  results  were 
obtained,  but  where  the  magma  was  extracted  three  additional  times,  with  50  cc 
each  time,  results  of  21.41  per  cent  and  21.30  per  cent  were  obtained.  No  more 
could  be  extracted. 

/.  A".  Haywood. — After  standing  with  sodium  hydroxid  for  thirty-six  hours, 
Method  II  gave  the  result  submitted,  but  a  very  slight  smell  of  ammonia  seemed  to 
be  present.  When  Method  III  was  run  as  directed,  very  low  results  were  obtained. 
The  magma  was  extracted  twelve  extra  times  with  10-cc  portions  of  petroleum- 
ether,  and  the  results  23.42  per  cent  and  24.8  per  cent  as  given  were  obtained. 

The  sample  of  extract  sent  out  this  year  was  extremely  difScult  to  work  upon, 
since  it  contained  a  very  great  excess  of  ammonia  and  ammonium  salts.  It  is  not 
often  that  one  would  be  called  upon  to  analyze  a  sample  that  presented  the  diffi- 
culties which  this  one  did. 

Your  referee  is  of  the  opinion  that  if  Method  I  is  properly  carried  out,  fair  results 
may  l)e  obtained,  and  thinks  that  good  results  may  also  be  obtained  by  Method  II 
'  if  one  adopts  the  scheme  devised  by  Mr.  Emery,  of  weighing  the  extract  out  in 
beakers  and  allowing  it  to  stand  in  these  in  contact  with  concentrated  sodium 
hydroxid  for  about  forty-eight  hours.  Method  III  evidently  gives  low  results,  as 
has  been  shown  in  these  experiments  and  in  work  done  by  one  of  our  former 
referees. 

In  conclusion,  I  desire  to  express  my  thanks  to  those  who  have  so  kindly  cooper- 
ated with  me  in  this  work.  Especially  my  thanks  are  due  to  Mr.  Emery,  the  asso- 
ciate referee. 

Mr.  F.  W.  Traphagen,  of  the  Montana  Experiment  Station,  sent  in  figures  upon 
various  of  these  groups  but  unfortunately  they  were  received  too  late  to  be  incorpo- 
rated in  the  report. 

RbCOM  MENDATION^. 

I  would  respectfully  recommend: 

(1)  That,  as  Method  I,  for  total  arsenioiis  oxid  in  Paris  green  has  been  thoroughly 
tested  and  shown  to  give  gowl  results,  and  as  your  referee  has  thoroughly  tested  this 
method,  compared  it  with  other  methods,  and  always  found  that  it  gave  most 
excellent  results,  it  be  adopted  as  one  of  the  official  methods  of  the  A.  O.  A.  C. 

(2)  That  Method  II  for  total  arsenious  oxid  in  Paris  green  be  tested  next  year 
upon  samples  of  Paris  green  that  (!ontain  a  large  amount  of  free  arsenious  oxid. 

(3)  That  l)oth  methods  for  soluble  arsenious  oxid  in  Paris  green  be  further  tested, 
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and  that  the  referee  try  to  so  modify  the  directions  that  more  concordant  results  may 
be  obtained. 

(4)  That  Methods  I  and  II  for  copper  oxid  in  Paris  green  be  further  tested  and 
compared  with  an  electrolytic  determination  of  the  copper  oxid. 

(5)  That  all  methods  of  analysis  of  London  purple  be  further  tested. 

(6)  That  Methods  I  and  II  for  determining  copper  oxid  in  copper  carbonate  be 
compared  with  the  electrolytic  method. 

(7)  That  the  cyanid  method  be  tested  upon  samples  of  known  strength  or  com- 
pared with  some  well-known  gravimetric  method. 

(8)  That  both  the  methods  of  analysis  of  soda  lyes  be  further  tested,  using  lyes 
which  contain  a  larger  percentage  of  sodium  carbonate. 

(9)  That  the  methods  of  analysis  of  soaps  be  further  tested. 

(10)  That  Method  II  for  formalin  (by  weighing  the  residue)  and  Method  III  be 
dropped  and  that  Methods  I  and  II  (by  distillation)  be  further  tested  and  compared 
with  the  cyanid  and  iodometric  methods. 

(11)  That  Methods  I  and  II  for  nicotin  be  further  tested  upon  extracts  containing 
both  large  and  small  amounts  of  nicotin,  and  that  Method  III  be  dropped  for  deter- 
mining large  amounts  of  nicotin,  but  tested  upon  extracts  containing  small  amounts 
of  nicotin. 

The  President:  Discussion  is  now  in  order. 

Mr.  Davidson.  In  re^rd  to  the  iodin  solution,  I  would  like  to  ask 
the  referee  if  it  would  be  possible  to  make  it  half  strength.  It  makes 
a  considerable  diflference  in  the  percentage  by  weakening  the  solution 
just  a  little. 

Mr.  Haywood.  In  connection  with  that  I  will  say  that  I  think  it 
might  be  a  very  good  idea  to  make  the  iodin  solution  weaker  than  it 
is.  I  have  noticed,  myself,  that  0.2  cc  in  the  burette  reading  makes  a 
great  difference  in  the  percentage,  and  anyone  is  apt  to  make  an  error 
of  0.1  to  0.2  cc  in  this  reading. 

Mr,  Davidson.  In  regard  to  the  nicotin  determinations  in  tobacco 
extracts,  I  would  state  that  this  sample  was  very  rich  in  ammonia,  and 
I,  like  Mr.  Emery,  used  a  beaker  in  which  to  treat  the  extract  with 
sodium  hydrate  instead  of  a  flask.  I  think  this  is  absolutely  necessary 
because  of  the  large  amount  of  ammonia  present. 

Mr.  Haywood.  It  is  undoubtedly  shown  by  all  of  our  work  that  the 
expulsions  of  ammonia  by  sodium  hydrate  must  be  effected  in  an 
open  vessel.  I  believe  that  when  Mr.  Winton  originally  got  out  this 
method  he  worked  upon  extracts  that  did  not  contain  such  large 
amounts  of  the  ammonia  and  ammonium  salts  as  the  sample  sent  out 
by  us,  and  therefore  his  method  will  have  to  be  modified  to  some 
extent  to  give  good  results  with  such  extracts  as  the  one  worked  upon. 
As  Mr.  Winton,  the  originator  of  this  method,  is  here,  I  would  like 
to  ask  him  if  he  worked  upon  samples  containing  large  amounts  of  free 
ammonia. 

Mr.  Winton.  I  do  not  remember  about  the  ammonia,  but  I  do 
remember  that  the  process  did  not  seem  to  give  as  sharp  an  end  point 
as  the  old  Kissling  method.  I  devoted  my  attention  more  to  that  point 
than  to  the  study  of  the  effect  of  varying  quantities  of  ammonia  upon 
the  determination. 
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Mr.  Haywood.  In  connection  with  this  study  on  insecticides,  I 
desire  to  call  attention  to  some  work  that  we  are  now  carrying  on  in 
collaboration  with  the  Division  of  Entomology  on  the  effect  of  varying 
amounts  of  soluble  arsenic  upon  the  foliage  of  different  kinds  of  trees. 
We  found  in  working  with  Paris  green  that  there  are  three  condi- 
tions that  may  give  rise  to  the  scorching  of  the  foliage  by  the  soluble 
arsenic  present  in  the  green :  First,  the  arsenious  oxid  which  exists  as 
such  in  the  Paris  green  is  injurious  and  scorches  the  foliage;  second, 
there  are  certain  greens  which  are  badly  made  and  which  in  conse- 
quence are  soon  broken  up  by  the  moisture  and  carbon  dioxid  in  the 
air,  thus  releasing  free  arsenious  oxid;  third,  if  the  green  is  very^  fine 
it  is  more  easily  broken  up  by  water,  and  consequently  free  arsenious 
oxid  is  set  free,  which  injures  the  foliage.  Our  preliminary  work  upon 
this  subject  indicates  that  apple  and  pear  trees  can  stand  Paris  green 
containing  from  7  to  8  per  cent  of  free  arsenious  oxid,  while  peach 
trees  can  stand  Paris  green  containing  about  4  per  cent.  I  will  say 
also  in  this  connection  that  all  the  determinations  of  arsenious  oxid 
were  made  by  the  ten-day  extraction  method  and  are  consequently 
much  higher  than  the  results  would  have  been  by  using  a  twenty- 
four-hour  extraction,  as  was  done  by  many  chemists  in  past  years. 

Mr.  Davidson.  I  do  not  know  whether  it  is  necessary  to  make  a 
motion,  but  if  it  is  I  would  like  to  make  one  as  follows:  That  the 
referee  for  next  year  be  instructed  to  try  the  effect  of  changing  the 
strength  of  the  iodin  solution  in  the  determination  of  total  arsenic  in 
Paris  green. 

Mr.  Haywood.  I  second  the  motion. 

The  motion  was  adopted. 

Mr.  Davidson.  In  connection  with  the  nicotin  determination,  I 
would  also  like  to  make  a  motion  that  this  point  we  have  just  spoken 
of,  concerning  the  desirability  of  allowing  the  extract  to  stand  in 
beakers  instead  of  flasks,  be  called  to  the  attention  of  the  referee  for 
next  year. 

Mr.  Haywood.  1  second  the  motion. 

The  motion  prevailed. 

Mr.  WiNTON.  With  reference  to  the  question  of  large  amounts  of 
ammonia  in  nicotin  exti-acts,  I  will  say  that  I  have  had  success  in 
removing  this  ammonia  l)y  placing  the  dish  containing  the  extract 
under  a  bell  jar  with  a  dish  containing  strong  sulphuric  acid  and 
drawing  a  current  of  air  over  the  dishes. 

Mr.  Haywood.  T  have  tried  the  method  suggested  by  Mr.  Winton 
and  have  found  that  it  works  quite  satisfactorily.  I  think  the  Winton 
method  as  well  as  tin*  Lloyd  method  will  have  to  l)e  modified  to  quite 
an  extent  in  order  that  they  give  good  results  upon  substances  con- 
taining such  a  large  amount  of  nicotin.  They  were  both  evidently 
originally  devised  for  extracts  which  contain  onl}^  small  amounts  of 
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nicotin  and  little  ammonia.  It  would  very  likely  be  best  not  to  make 
any  cast-iron  rules  for  the  chemists  to  follow.  In  the  Winton  method, 
for  example,  it  might  bo  directed  that  the  extract  be  allowed  to  stand 
in  contact  with  sodium  hydrate  until  all  ammonia  is  removed,  and  in 
the  Lloyd  method  that  the  extractions  with  ether  be  continued  until 
all  nicotin  is  extracted  from  the  magma. 

Mr.  Wiley.  There  is  a  point  that  I  would  like  to  make  right  here 
in  connection  with  this  discussion.  It  seems  to  me  that  the  time  has 
passed  when  we  must  give  minute  details  and  directions  to  analysts  as 
to  how  they  are  to  carry  on  the  work.  It  would  be  much  better  to 
give  a  broad  outline  of  the  plan  and  let  each  analyst  work  out  the 
details  for  himself.  When  this  association  first  began  its  work  minute 
details  as  to  manipulation  were  undoubtedly  necessary,  but  our  men 
have  now  been  educated  up  to  the  point  where  they  are  expert  analysts 
and  will  no  doubt  obtain  better  results  by  being  allowed  to  work  out 
the  details  for  themselves.  In  other  words,  it  is  not  the  work  of  the 
analyst  that  we  wish  to  test,  but  the  working  of  the  method. 

The  President.  If  there  is  no  objection,  the  report  of  the  chairman 
of  the  committee  on  fertilizer  legislation  will  be  called  for  at  this  time. 

Mr.  Wiley.  The  only  report  that  I  have  to  make  on  this  subject  is 
the  one  that  the  president  of  the  association  has  prepared. 

EEPORT  OP  OOMMITTEE  ON  PEETILIZEE  LEGISLATION. 

By  H.  J.  Wheeler. 

As  chairman  of  the  committee  on  uniform  fertilizer  legislation  of  the  Association  of 
American  Agricultural  Colleger  and  Experiment  Stations  I  will  say  that  the  matter 
of  fertilizer  legislation  was  brought  up  at  the  instance  of  our  committee  l)efore  the 
United  States  Commission  on  Uniform  Legislation  at  its  last  meeting  and  the  mem- 
bers from  the  respective  States  were  instructed  by  a  resolution  to  that  effect  to  assist 
in  so  far  as  they  could  in  securing  uniformity  of  legislation  along  the  lines  laid  down 
by  this  association  and  the  Association  of  American  Agricultural  Colleges  and 
Experiment  Stations.  As  chairman  of  the  (committee  for  the  latter  association  I  have 
been  consulted  by  several  States  in  regard  to  fertilizer  laws.  Something  is  l)eing 
done  continually  to  bring  about  uniformity  in  legislation  in  regard  to  fertilizers. 

Mr.  Wiley.  I  move  that  the  report  be  accepted  and  the  committee 
continued. 

The  motion  was  adopted. 

The  President.  Are  there  any  business  matters  to  come  before  us 
at  this  time? 

Mr.  Wiley.  I  would  like  to  make  one  or  two  announcements.  The 
agent  of  the  Trunk  Line  is  here  to  validate  tickets.  The  tickets  of 
those  who  came  over  the  southeastern  line  he  has  taken  down  to  the 
Southern  Railway  oflice. 

I  will  state  that  the  chiefs  of  the  laboratories  of  the  Bureau  of 
Chemistry  are  present  and  will  be  glad  to  receive  members  of  this 
association  and  to  show  them  through  our  laboratories  after  the 
adjournment  of  this  meeting. 
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The  President.  The  association  will  bear  in  mind  that  in  regard  to 
the  recommendations  of  referees  matters  of  minor  importance  and 
matters  that  are  urgent  may  be  acted  upon  at  this  time  by  a  two- 
thirds  vote.  I  will  ask  the  chairman  of  Committee  A  on  recommen- 
dations if  there  are  any  such  matters  to  be  considered. 

Mr.  Street.  I  think  that  the  majority  of  the  recommendations 
made  to  us  fall  within  this  scope.  We  are  ready  to  report  on  all  of 
our  sections  except  insecticides. 

KEPORT  OF  OOMMITTEE  A  ON  EEOOMMHTOATIONS. 

SOILS. 

Mr.  Street.  It  is  recommended — 

That  the  X/200  hydnxihloric  acid  method  be  given  further  trial. 

That  samples  be  so  taken  that  it  will  be  possible  to  determine  the  available  potash 
and  phosphoric  acid  in  each  stratum  sampled  to  a  total  depth  of  3  or  4  feet. 

That  the  methods  for  the  analysis  of  alkali  soils  l)e  referred  to  the  referee,  with 
instructions  to  determine  the  most  desinible  amount  of  soil  and  the  amount  of  water 
to  be  used  in  dissolving  the  soluble  salts. 

That  in  the  selection  of  soils  for  examination,  virgin  soils  be  given  a  place  among 
the  soils  worked  upon. 

That  the  quantitative  method  for  the  determination  of  the  acidity  of  soils  be  made 
a  provisional  method. « 

Mr.  Van  Slyke.  I  move  that  the  recommendations  be  adopted  as 
read. 

Mr.  Hopkins.  I  notice  that  the  recommendations  include  an  arbi- 
trar}'  division  as  to  the  depth  of  the  different  strata  to  be  taken  in 
determining  available  phosphoric  acid.  The  provisional  method  for 
soil  sampling  which  was  adopted  last  year  states  that  we  nhall  sample 
distinctly  diflferont  strata,  rather  than  make  an  arbitraiy  diviHion. 
You  are  all  aware  that  w^e  frequently  find  soils  that  extend  to  the 
depth  of  11  to  17  inches.  The  character  of  the  soil  changes  very  much, 
and  it  seems  to  me  that  it  might  be  well  to  modify  the  provisional 
method  for  soil  sampling,  if  the  recommendation  could  be  modified  to 
include  the  provisional  method. 

Mr.  Street.  I  think  that  is  the  idea  of  the  recommendation.  We 
would  be  willing  to  incorporate  that. 

Mr.  Hopkins.  I  make  a  motion  to  so  amend  the  provisional  method 
relating  to  the  sampling  of  soils.  I  would  like  to  ask  also  that  the 
method  for  determining  the  acidity  of  soils  be  adopted  as  a  provisional 
method,  and  that  it  be  referred  to  the  referee  for  investigation  next 
year.  A  number  of  members  have  spoken  to  ttie  regarding  the  details 
of  the  method.  I  am  sure  a  considera))le  amount  of  work  will  be  done 
in  this  line,  and,  as  we  have  no  method  in  the  association  for  such 
determinations,  I  think  perhaps  it  would  be  well  if  this  could  be 
adopted  as  a  provisional  method  and  further  investigation  encouraged 
next  year.     1  will  move  to  further  amend  the  report  to  that  effect. 


a  As  amended. 
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The  motion  prevailed,  and  the  original  motion,  as  amended,  was 
then  adopted. 

POTASH. 

Mr.  Stbeft.  It  is  recommended — 

That  farther  experiments  be  conducted  for  the  purpose  of  securing  a  method  that 
will  disBolve  all  of  the  potash  in  mixed  fertilizers,  giving  attention  to  the  amount  of 
material  used  and  the  amount  of  water  used  for  making  the  solution. 

That  the  referee,  if  he  have  sufficient  time,  study  methods  for  the  deteniiination 
of  moisture  in  potash  salts. 

Mr.  Van  Slyke.  I  move  that  the  recommendations,  as  read,  be 
adopted. 
This  was  carried. 

ASH. 

Mr.  Street.  It  is  reeommended — 

That  the  referee  be  requested  to  make  a  further  study  of  the  fusion  method  for  the 
determination  of  sulphur,  and  also  methods  to  determine  how  much  of  the  sulphur 
belongs  to  the  ash. » 

That  the  method  of  determining  chlorin  by  ignition  with  sodium  c»rlx)nate  be 
adopted  as  a  provisional  method. 

Mr.  Wiley.  It  seems  to  me  that  there  is  a  very  important  point 
under  ash  which  the  committee  ought  to  consider.  I  do  not  know  that  I 
am  prepared  to  amend  the  report  in  any  way,  but  the  question  of  deter- 
mining the  sulphur  in  the  ash  of  a  plant  ought  to  be  considered.  All 
these  fusion  methods  have  for  their  object  the  determination  of  total 
sulphur  in  the  form  of  sulphuric  acid.  I  know  that  almost  all  the  sul- 
phur that  exists  in  the  plant  is  not  properly  found  in  the  ash,  but  I 
think  the  referee  on  ash  ought  to  work  on  a  method  to  determine  how 
much  of  the  sulphur  does  belong  to  the  ash.  So  I  would  like  to  sug- 
gest, and  if  it  meets  with  the  approval  of  the  association  it  would  be 
advisable  to  make  a  motion,  that  the  referee  be  instructed  to  investi- 
gate methods  by  which  we  can  determine  how  much  of  the  sulphur  in 
plants  and  plant  products  belongs  to  the  ash.  Of  course  the  remainder 
belongs  to  the  organic  compound.  I  move  that  the  report  of  the  com- 
mittee be  amended  to  this  extent,  that  the  referee  be  instructed  to 
investigate  the  method  of  determining  what  part  of  the  sulphur  in 
plants  and  plant  products  should  be  considered  in  the  ash. 

The  amendment  was  carried,  and  the  report  on  ash  was  adopted  as 
amended. 

NITROGEN. 

Mr.  Street.  Under  nitrogen  there  are  two  recommendations — 

That  the  subject  of  the  availability  of  oiganic  nitrogen  \ye  further  studied  with  the 

view  to  so  perfecting  the  neutral  and  alkaline  permanganate  methods  as  to  secure 

concordant  results. 
That  it  be  earnestly  urged  that,  in  reporting  the  analypes  of  complete  fertilizers, 

the  amounts  of  nitrogen  existing  in  the  form  of  nitrates,  ammonia  salts,  and  organic 

nitrogen  be  specifically  stated. 


o  As  amended. 
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On  motion,  the  recommendations  on  nitrogen  were  adopted. 

Mr.  Street.  Our  only  report  on  pliosplioric  acid  is  that  the  com- 
niittiM>  desin»s  to  got  the  sense  of  the  dissociation  as  to  the  advisability 
of  discontinuing  tlie  investigations  on  basic  slag.  From  the  represen- 
tation of  the  committee,  made  from  our  experience,  it  seems  that  the  use 
of  htmc  slag  is  extremely  limited.  It  was  suggested  that  the  associa- 
tion should  not  work  on  the  matter,  as  the  slag  is  so  little  used. 

The  President.  Does  the  association  desire  to  take  any  action  in 
this  matter? 

Mr.  Hopkins.  I  would  say  that  a  firm  in  Philadelpliia  is  buying 
considerable  basic  slag  which  it  is  putting  out.  It  seems  that  the  use 
of  this  material  is  on  the  increase. 

GENERAL   RECOMMENDATION. 

Mr.  Street.  We  havo  one  general  recommendation,  which  was  considered  by  the 
referees,  which  reads  as  follows: 

In  the  comparison  of  methods,  in  addition  to  the  general  letter  requesting  cooper- 
ation, it  is  recommended  that  the  referee  invite  the  assistance  of  workers  experienced 
in  the  special  portions  of  the  work  assigned  to  him. 

This  recommendation  was  adopted. 

[Note  by  the  Editor. — The  following  recommendations  were  approved  by  Com- 
mittee A,  after  the  adjournment  of  the  meeting,  and  forwarded  by  the  chairman 
with  the  following  comment:] 

December  13,  1902. 

Dear  Sir:  In  reply  to  your  letter  of  December  11,  I  inclose  herewith  the  balance 
of  the  report  of  Committee  A  on  recommendations,  covering  the  recommendations  of 
the  referee  on  insecticides.  You  will  notice  that  the  first  recommendation  alone 
entails  any  change  in  inetho<l8,  and  the  committee  in  this  case  has  accepted  the  long 
experience  of  Mr.  Haywood  in  this  kind  of  work  as  strong  evidence  that  the  change 
is  a  worthy  one.  The  other  recommendations  refer  merely  to  details  or  suggestions 
to  the  new  referee. 

Very  re.si)ectfully,  John  Phillips  Street,  Chairman. 

insecticides. 

(1)  That,  as  Method  I,  for  total  arsenious  oxid  in  Paris  green  has  been  thoroughly 
testeil  and  nhown  to  give  good  rt*8ult«,  and,  a**  your  referee  has  thoroughly  tested  this 
method,  compared  it  with  other  methods,  and  has  always  found  that  it  gave  most 
excellent  results,  it  l)e  adopted  as  one  of  the  official  methods  of  the  A.  O.  A.  C. 

(2)  That  Method  II  for  total  arsenious  oxid  m  Paris  green  be  tested  next  year  upon 
samples  of  Paris  green  that  contain  a  large  amount  of  free  arsenious  oxid. 

(3)  That  both  methods  for  soluble  arsenious  oxid  in  Paris  green  \ye  further  tested 
and  that  the  referee  try  to  so  modify  the  directions  that  more  concordant  results  may 
be  obtained. 

(4)  That  Methods  I  and  II  for  copper  oxid  in  Paris  green  be  further  tested  and 
compared  with  an  electrolytic  determination  of  the  copi)er  oxid. 

(5)  That  all  of  the  methods  of  analysis  of  London  purple  be  further  tested. 

(6)  That  Methods  I  and  II  for  determining  copper  oxid  in  copper  carbonate  be 
compared  with  the  electrolytic  method. 

(7)  That  the  cyanide  method  be  tested  upon  samples  of  known  strength  or  com- 
pared with  some  well-known  gravimetric  method. 

(8)  That  both  the  metho<l8  of  analysis  of  scda  Jyea  be  further  tested,  using  lyes 
which  contain  a  larger  percentage  of  sodium  carbonate. 
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(9)  That  the  methods  of  analysis  of  soaps  be  further  tested. 

(10)  That  Method  II  for  formalin  (by  weighing  the  residue)  and  Method  III  be 
dropped,  and  that  Methods  I  and  II  (by  distillation)  be  further  tested  and  compared 
with  the  cyanid  and  iodimetric  methods. 

(11)  That  Methods  I  and  II  fornicotin  be  further  tested  upon  extracts  containing 
both  large  and  small  amounts  of  nicotin  and  that  Method  III  be  dropped  for  deter- 
mining lai^  amounts  of  nicotin,  but  tested  upon  extracts  containing  small  amounts 

of  nicotin. 

John  Phillips  Street. 

M.  E.  Jaffa. 

B.  B.  Ross. 

E.  G.  Run  Y AN. 

F.  P.  Veitch. 

The  President.  I  will  call  on  the  chairman  of  Committee  B  on  rec- 
ommendations for  his  report. 

BEFOBT  OF  OOMIOTTEE  B  ON  BEOOMMENDATIONS. 

Mr.  Kbug.  With  reference  to  dairy  products,  there  are  no  changes  in  the  method. 
The  committee  would,  however,  recommend  that  the  referee  for  next  year  make  a 
study  of  the  effects  of  preservatives  on  the  albumin  of  milk. 

Mr.  Wiley.  I  would  like  to  ask  a  question.  Does  that  mean  the 
albumin  proper  or  all  of  the  protein  of  the  milk.  I  infer  that  it  means 
all  of  the  protein. 

Mr.  Kjiug.  If  the  referee  on  dairy  products  were  here,  he  could 
inform  you.     I  am  not  familiar  with  the  subject. 

The  recommendation  was  adopted  as  read. 

FEEDING    STUFFS. 

Mr.  Krug.  With  reference  to  feeding  stuffs  the  committee  recommends  that  from 
the  sixteenth  line,«  the  method  be  changed  to  read  as  follows,  following  the  <lirec- 
tions  prescribed  by  Krober: 

The  solution  is  made  up  to  400  cc  with  12  per  cent  hydrochloric  acid,  and  allowed 
to  stand  overnight.  The  amorphous  black  precipitate  is  filtered  into  a  tared  gooch 
through  an  asbestos  felt,  washed  carefully  with  150  cc  of  water  in  such  a  way  that  the 
water  is  not  entirely  removed  from  the  crucible  until  tlie  very  last,  then  drie<l  to  con- 
stant weight  by  heating  four  hours  at  100°  C,  cooled,  and  weighed  in  a  weighing 
bottle,  the  increase  in  weight  being  reckoned  as  phloroglucid.  To  calculate  the  fur- 
furol  from  the  phloroglucid,  use  the  following  formulae: 
For  weight  of  phloroglucid  (a)  under  0.03  grams. 

Furfurol  =  (a  -f  0.0052)  X  0.5170. 

Pentoses  =  (a  +  0.0052)  X  1.0170. 

Pentosans  =  (a  f  0.0052)  X  0.S949. 
For  weights  of  phloroglucid  (a)  from  0.03  grams  to  0.300  grams  Krober' s  table  is 
recommended.  ^    If  this  is  not  available,  use  the  formulae: 

Furfurol  =  (a -f  0.0052)  X  0.5185. 

Pentoses  =  (a  -f-  0.0052)  X  1.0075. 

Pentosans  =  (a  +  0.0052)  X  0.8866. 
For  weights  of  phloroglucid  (a)  over  0.300  grams. 

Furfurol  =  (a  r  0.0052)  X  0.5180. 

Pentoses  =  (a  -f  0.0052)  X  1.0026. 

Pentosans  =  (a -j  0.0052)  X  0.8824. 


fl  Circular  7,  Div.  of  Chem.,  V.  S.  Dept.  Agr.     Provisional  method  for  tbe  deter- 
minations of  pentosans  by  means  of  phloroglucol. 
fr  Journal  fur  Landwirtschaft  48:  1900,  p.  379. 
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Mr.  Krug.  1  think  it  would  be  advisable  to  make  these  changes  at 
this  time. 

Mr.  Wiley.  Does  this  involve  a  change  in  the  method? 

The  President.  The  Chair  understands  that  this  is  a  change  of  vital 
importance  at  this  time.  Is  there  anything  to  be  said  upon  the  adop- 
tion of  this? 

Mr.  Browne.  Is  this  a  provisional  method  or  an  oflScial  method? 

Mr.  Krug.  This  is  a  provisional  method. 

On  motion  the  recommendation  was  adopted. 

Mr.  Krug  (continuing  report).  The  next  recommendation  in  connection  with  this 
same  method  is  the  adoption  of  Krober's  factors. 

Mr.  Wiley.  How  much  do  they  differ  from  the  old  factors? 

Mr.  Browne.  Very  little.     I  think  we  ought  to  adopt  these  factors. 

On  motion  of  Mr.  Krug,  the  recommendation  was  adopted. 

TANNIN. 

Mr.  Krug  (continuing  report).  I  understand  that  we  have  here  changes  in  the 
official  method  on  tannin  o  that  must  go  over  until  next  year.  I  would  like  to  read 
them  to  the  association  if  there  is  no  objection. 

To  omit  the  moisture  detenninations  in  extracts. 

To  change  (6)  in  paragraph  III  so  as  to  read: 

Evaporations  shall  take  place  under  precisely  the  same  conditions  as  to  contact 
with  steam  or  with  a  metallic  plate;  all  dryings  called  for  after  evaporation  shall  be 
done  by  one  of  the  following  methods  under  preciselv  the  same  conditions,  so  that 
the  different  residues  of  each  analysis  may  occupy  the  same  shelves  in  the  drying 
oven. 

1.  For  eight  hours  at  the  temperature  of  boiling  water  in  steam  oven. 

2.  For  six  hours  at  100°  C.  in  air  bath. 

3.  For  five  hours  at  100°  C  in  vacuo. 

V.  Soluble  solids  to  read  aa  follows: 

Single  pleated  filter  paper  ( S  and  S  No.  590, 15  cm )  shall  be  used.  To  2  grams  kaolin 
add  75  cc  of  the  tanning  solution,  stir,  let  stand  fifteen  minutes  and  decant  as  much 
as  possible  (not  on  the  filter),  add  75  ccof  the  solution,  stir,  and  pour  on  the  filter. 
Keep  filter  full,  reject  the  first  150  cc  of  filtrate,  evaporate,  ana  dry  next  100  cc. 
The  portion  dried  for  determination  shall  be  perfectly  clear  and  evaporation  during 
filtration  must  be  guarded  against. 

VI.  Non-tannins:  Two  grams  kaolin  to  be  used  when  filtering. 

Omit  paragraph  VIII  on  testing  hide  powder  and  section  (6)  of  paragraph  IX,  on 
testing  nontannm  filtrate  for  soluole  hide. 

The  following  provisional  method  for  the  determination  of  total  acidity  in  liquors 
is  recommended: 

Place  100  cc  of  the  liquor  in  a  500-cc  flask  and  make  up  to  the  mark  with  water. 
To  100  cc  of  diluted  liquor  in  a  flask  with  tube  condenser  add  2  grams  of  chemically 
pure  animal  charcoal.  Heat  to  boiling  temperature  with  fre(]uent  shaking,  cool,  fil- 
ter, and  titrate  an  aliquot  portion  with  decinormal  alkali. 

The  following  suggestions  are  m&de  by  the  referee  on  tannin  with  reference  to  next 
year's  work: 

Additional  experimental  work  on  soluble  solids,  acid  determinations,  and  on  the 
amount  of  extract  taken  for  analysis. 

A  comparative  study  with  the' following  modifications  of  the  charcoal  method  is 
recommended:  To  100  cc  of  diluted  liquor,  prepared  as  in  the  provisional  method, 
a<ld  2.5  grams  chemically  pure  animal  charcoal,  stir  every  fifteen  minutes  for  two 
hours,  filter,  and  titrate  an  aliquot  portion  with  decinormal  alkali. 


«Sul)He<4uent  investigation  showed  that  this  metho<l  had  never  been  a<lopted  as 
official,  and  therefore  these  changes  in  a  i)rovisional  method  became  effective  for  the 
work  of  1902-1903. 
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The  referee  also  recommends  that  the  work  during  the  next  year  shall  include  a 
study  of  the  correction  method  for  the  tannin  absorption  of  the  filter  paper  which 
was  adopted  at  the  last  meeting  of  the  International  Association  of  Leather  Trades 
Chemista,  held  at  Leeds,  England. 

The  President.  Is  it  the  desire  of  the  association  that  action  be 
taken? 

Mr.  Kkug.  I  think  it  would  be  well  to  have  these  recommendations 
held  over. «  ^ 

If  permissible  at  this  time,  I  would  like  to  say  that  the  report  of  the 
European  Leather  Trades  Chemists  Association,  to  which  I  referred 
yesterday,  was  received  this  morning,  and  I  make  a  motion  that  the 
secretary  be  authorized  to  incorporate  an  extract  of  the  report  in  the 
proceedings  of  this  association. 

[Note  by  the  Edftob. — ^The  following  extract  from  this  report  is  inserted  in  acxiord- 
ance  with  the  above  instructions:] 

At  the  last  convention  of  the  International  Association  of  Leather  Trades  Chemists 
the  following  resolutions,  which  embody  the  changes  made  in  the  international 
method,  were  adopted: 

(A)  The  filtration  of  the  solution  for  analvsis  may  take  place  through  any  paper 
which  may  be  considered  more  suitable  for  the  particular  case,  and  with  or  without 
the  use  of  kaolin,  the  absorption  of  the  tanning  matter  being  corrected  for  by  an 
amount  determined  by  a  similar  filtration  of  a  clear  solution.  Perfectly  clear  solu- 
tions need  not  be  filtered. 

Following  the  discussion  on  the  filter  paper  in  tanning  analysis  the  following  reso- 
lution was  carried: 

(B)  To  determine  the  correction,  about  600  cc  of  the  tanning  solution  of  the 
strength  prescribed  for  analysis  is  obtained  perfectly  clear,  preferably  l)y  the  method 
of  filtration,  which  is  to  be  corrected  for.  After  thorough  mixing,  50  cc  is  evapo- 
rated to  determine  "total  soluble  No.  1.'*  A  portion  of  the  remainder  is  then  fil- 
tered in  the  manner  for  which  correction  is  to  be  made,  and  50  cc  of  the  filtrate  is 
evaporated  for  "total  soluble  No.  2."  Deducting  No.  2  from  No.  1  the  difference  is 
the  correction  required,  which  must  be  added  to  the  "total  soluble"  found  by  analy- 
sis. It  is  generally  advisable,  both  in  analysis  and  in  the  second  filtration  for  cor- 
rection, to  filter  first  160  cc,  which  in  analysis  may  be  used  for  determination  of 
nontannins,  and  then  to  employ  the  next  50  cc  for  evaporation,  keeping  the  filter 
full  during  the  operation;  but  whatever  procedure  is  adopted  must  be  rigidly  adhered 
to  in  all  analyses  to  which  the  correction  is  applied.  Where  kaolin  is  employed  a 
constant  weighted  cjuantitv  (1  or  2  jjrams)  must  be  used,  which  is  first  washed 
with  75  cc  of  the  hquor  oy  decantation,  and  then  washed  onto  the  filter  with  a 
further  quantity  of  liquor,  of  which  200  cc  is  filtered  as  above. 

(C)  In  making  samples  of  spent  tans  m  cases  where  the  prescribed  strength  can 
not  otherwise  be  obtained,  it  is  permissible  to  concentrate  the  whole  solution.  It  is 
advisable,  where  ready  means  exist,  to  concentrate  in  vacuo,  failmg  the  necessary 
apparatus,  concentration  may  be  carried  out  by  evaporation  in  a  fiask,  in  the  neck 
of  which  a  funnel  is  placed  to  prevent  oxidation. 

(D)  That  the  filter  method  of  determination  of  nontannins,  as  prescribed  in  the 
rules  of  the  association,  remain  the  oflScial  method  until  the  next  conference,  but  that 
members  be  permitted  to  employ  the  chrome  hide-powder  methocl  of  the  conference 
of  the  American  Association  of  Official  Agricultural  Chemists  in  1901  where  it  is 
desired,  the  fact  being  clearly  stated  on  the  report  that  the  A.  O.  A.  C.  method  has 
been  employed,  and  not  that  of  the  I.  A.  L.  T.  C. 

(E)  Used  liquors  must  be  analyzed  by  the  A.  O.  A.  C.  method  of  1901. 

•  The  President.  If  there  is  no  further  report  from  Committee  B, 
the  Chair  will  call  for  the  report  of  Committee  C  on  recommendations. 

«  As  a  circular  letter  addresse<l  to  the  executive  committee  procured  permission  to 

*  insert  the  word  "provisional"  over  methods  on  tannin  in  Bulletin  4H,  the  chan^t^s 

above  noted  have  been  considered  by  the  referee  as  a  part  of  the  provisional  methods. 
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EEPOET  OF  COMMITTEE  0  ON  EEOOMMENDATIOHS. 

FOOD   ADULTERATION. 

Mr.  Leach.  The  committee  has  only  one  recommendation  to  make,  namely,  that 
the  association  empower  the  referee  on  food  adulteration  to  assign  the  work  as  he  may 
see  fit,  acting  on  the  advice  of  the  executive  committee.  In  this  work  the  number 
of  subjects  is  greatly  in  excess  of  the  number  of  men  who  can  work  upon  them,  and 
it  is  desired  to  further  subdivide  the  work  of  the  coming  year.  It  is  not  possible  at 
present  to  definitely  state  what  the  work  will  be  and  how  it  will  be  divided.  The 
recommendation  of  the  committee  is  that  the  association  authorize  the  referee  to 
appoint  such  a.ssociate  referees  as  he  may  see  fit,  to  take  part  in  this  work  and  make 
such  subdivisions  of  the  subject  as  may  seem  best.  The  committee  further  earnestly 
recommends  that  in  view  of  the  scarcity  of  men  to  do  the  work,  a  special  invitation  be 
sent  out  by  the  executive  committee  to  induce  all  food  chemists  to  work  along  these 
lines  and  to  joint  this  association. 

On  motion  of  Mr.  Leech,  the  recommendation  was  adopted. 

Mr.  MuNSON.  I  would  like  to  ask  what  action  has  been  taken  on 
the  recommendations  of  the  referee  on  sugar. 

The  President.  These  recommendations  have  been  overlooked.  If 
there  is  no  objection  they  will  be  assigned  to  Committee  B,  and  a 
report  will  be  written  so  that  action  can  be  taken  next  year.'* 

Mr.  Street.  I  am  afraid  that  our  committee  has  made  an  error  in 
acting  on  the  nitrogen  recommendation.  Should  they  have  been 
referred  to  some  other  committee?  We  shall  be  glad  to  be  instructed 
by  the  convention. 

The  President.  It  is  understood  by  the  association  that  nitrogen  is 
assigned  to  Conmiittee  A. 

Mr.  Van  Slyke.  Recommendations  on  the  subject  of  separation  of 
nitrogenous  bodies  should  be  referred  to  the  committee  on  foods  or 
on  dair\'  products.  In  the  case  of  the  recommendation  made  on  this 
subject  in  the  paper  read  yesterdaj%  I  move  that  it  be  referred  to 
Committee  B  having  charge  of  diary  products.^ 

The  motion  was  adopted. 

Mr.  Leach  (continuing  report  on  food  adulteration).  There  is  one  other  point 
that  I  would  like  to  H{)eak  of,  and  that  is  the  committee  on  food  adulteration  has  made 
some  slight  changes  in  the  provisional  methods  as  printed  in  Bulletin  No.  65,  United 
States  Department  of  Agriculture,  Bureau  of  Chemistry,  and  it  is  recommended  that 
these  be  adopted  an  part  of  the  provisional  methods.  This  bulletin  was  discussed 
and  criticised  by  the  food  referees,  submitted  to  the  association,  and  adopted  last  year 
as  provisional,  but  subJH^quent  experience  has  dictated  certain  changes,  and  we  aak 
that  these  changes  be  incorporated  in  the  provisional  methods. 

Mr.  McNSON.  I  move  the  adoption  of  this  recommendation. 
The  motion  was  adopted. 

The  President.  1  will  now  call  on  Mr.  Van  Slyke  for  the  report  of 
the  committee  on  resolutions. 


«  As  these  references  were  made  shortly  In^fore  adjournment,  action  was  deferred 
on  the  recommendations  until  the  meeting  of  1W3,  when  the  report  of  chairioan  of 
Committee  B  will  W  completed. 
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KEPOET  OF  OOMMITTEE  OH  RESOLUTIONS. 

Mr.  Van  Slyke.  No  resolutions  have  been  reported  to  the  convention,  but  as 
chairman  I  take  the  responsibility  of  submitting  the  usual  resolutions  which  are  pre- 
sented at  the  close  of  the  convention : 

Besolvedj  That  we  extend  to  the  Secretary  of  Agriculture  our  hearty  thanks  for  the 
continued  assistance  which  he  has  so  generously  given  to  this  association. 

Besolvedj  That  we  acknowledge  the  courtesy  of  the  authorities  of  the  Columbian 
University,  and  thank  them  for  giving  us  the  use  of  this  room  for  holding  the  ses- 
sions of  our  convention. 

Resolved,  That  a  committee  of  three  be  appointe<i  a^  referees  to  take  charge  of  the 
work  relating  to  separation  of  nitrogenous  compounds,  the  work  to  be  distributed 
among  the  members  of  the  committee  on  the  following  lines  of  division:  (1)  Meat 
proteids;  (2)  vegetable  proteids;  (3)  milk  and  cheese  proteids. 

These  resolutions  were  adopted. 

Mr.  Wiley.  I  move  that  we  offer  a  resolution  of  thanks  to  the  presi- 
dent of  this  association  for  the  impartial  manner  in  which  he  has  con- 
ducted this  convention. 

The  motion  prevailed. 

At  11.30  a.  m.  the  convention  adjourned  sine  die. 
17261— No.  73—03 12 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


(1)  This  asscMimtion  shall  be  known  as  the  Association  of  Official  A^cultural 
Chemists  of  the  Uniteii  States.  The  objects  of  the  association  shall  be  (1)  to  secure 
uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statement  of  analysis 
of  fertilissers,  soils,  cattle  foods,  dairy  pro<liicts,  and  other  materiajs  connected  with 
agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connecteti  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  be  eligible  to  membership;  and 
one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  All  persons  eligible 
to  membership  shall  become  members  ex  officiis  and  shall  be  allowed  the  privileges 
of  membership  at  any  meeting  of  the  association  after  presenting  proper  credentials. 
All  members  of  the  association  who  lose  their  right  to  such  membership  by  retiring 
from  positions  indicated  as  requisite  for  membership  shall  be  entitled  to  become 
honorary  members  and  to  have  all  privileges  of  membership  save  the  right  to  hold 
office  and  vote.  All  analytical  chemists  and  others  interested  in  the  objects  of  the 
association  may  attend  its  meetings  and  take  part  in  its  discussions,  but  shall  not  be 
entitled  to  enter  motions  or  vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  members  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  executive  committee,  at  the  regular  annual 
meeting,  a  referee  and  such  associate  referees  for  each  of  the  subjects  to  be  consid- 
ered by  the  association  as  that  committee  may  deem  appropriate. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same,  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  montlis  before  the  time  of  meeting. 
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(7)  No  changes  shall  be  made  in  the  methods  of  analjrsis  used  in  official  inspeo- 
tion,  except  by  unanimous  consent,  until  an  opportunity  shall  have  been  given  all 
official  chemists  having  charge  of  the  particular  inspection  affected  to  test  the  pro- 
posed changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  conunittee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  report  from  such  com- 
mittee may  l)e  adopted  by  the  approval  of  two-thirds  of  the  members  present  entitled 
to  vote. 
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LEHER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Wanhiiigtoii,  D.  C,  Deceinher  31,  1902. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  manuscript  and 
graphic  charts  embodying  the  results  of  the  coopemtive  work  con- 
ducted by  this  Bureau  in  the  study  of  the  effect  of  environment  upon 
the  composition  of  the  sugar  beet  during  the  year  1901.  To  the  work 
as  conducted  in  1900,  the  results  of  which  were  published  in  Bulletin 
64,  Bureau  of  Chemistry,  has  been  added  the  consideration  of  the 
influence  of  the  soil.  I  recommend  that  this  manuscript  be  published 
as  Bulletin  No.  74,  Bureau  of  Chemistry. 

1  wish  again  to  express  my  appreciation  of  the  work  done  by  the 
various  stations  taking  part  in  the  experiment,  the  continued  cordial 
coopeitition  of  the  Weather  Bureau,  which  is  of  vital  impoiiance,  and 
the  information  received  from  the  Coast  and  Geodetic  Survey  and  the 
Naval  Observatory  in  response  to  the  request  made  for  geodetic  data. 
The  analytical  work  done  in  this  Bureau  was  performed,  under  the 
direction  of  Mr.  G.  L.  Spencer,  by  the  assistants  in  the  sugar  labora- 
tory, namely,  H.  W.  Houghton,  A.  W.  Bache,  and  Arthur  Given. 
Respectfully, 

IL  W.  Wiley, 
Ch  ief  of  Bnrea  u, 
Hon.  James  Wilson, 

Secretary, 
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THE  INFLUENCE  OF  SOIL  AND  CLIMATE  UPON  THE 
COMPOSITION  OF  THE  SUGAR  BEET,  1901. 


OEOAHIZATIOH  OF  GOLLABOBATIYE  WO£K. 

In  continuation  of  the  cooperative  experimental  work  with  su^r 

beets  carried  on  in  1900'*  b}'^  this  Bureau  in  collaboration  with  certain 

experiment  stations  and  the  Weather  Bureau,  the  following  letters 

were  addressed  to  the  experiment  stations  of  North  Carolina,  Iowa, 

Michigan,  Utah,  Indiana,  Wisconsin,  Kentucky,  and  to  the  two  New 

York  stations  in  the  spring  of  1901: 

March  18,  1901. 

Dbab  Sir:  For  the  collaborative  work  in  the  study  of  the  influence  of  environ- 
ment on  the  composition  of  the  sugar  beet  for  the  present  year,  I  have  decided  to 
use  seed  No.  5772,  Dippe's  Klein wanzlebener  Elite,  and  20  pounds  of  this  seed 
marked  '* special'*  have  been  sent  to  you  for  such  collaborative  work. 

The  area  planteil  need  not  exceed  an  eighth  of  an  acre,  imless  you  desire  a  larger 
area  or  a  number  of  plota.  This  matter  is  left  entirely  to  your  own  judgment,  and 
the  residue  of  the  seed  you  can  dispose  of  as  you  like.  I  suggest,  however,  that  the 
special  plot  be  seeded  very  heavily,  so  as  to  be  sure  of  a  good  stand,  and  that  enough 
of  the  seed  be  reserved  for  replanting  in  case  the  first  planting  should  not  germinate. 

I  will  send  you  in  a  few  days  a  blank  giving  some  special  points  in  regard  to  the 
study  of  the  environment  which  I  should  be  glad  to  have  you  observe  during 
the  season. 

H.  W.  Wiley,  Chemva. 


March  IS,  1901. 

Dear  Sir:  In  connection  with  the  collaborative  study  of  the  influence  of  environ- 
ment on  the  composition  of  the  sugar  beet,  I  desire  to  make  a  careful  chemical  and 
physi(3il  analysis  of  the  soils  of  the  plots  used  for  the  growing  of  the  heets. 

I  therefore  ask  that  you  take  a  representative  sample  of  the  soil  and  subsoil  of  the 
plot  on  which  you  grow  the  No.  5772  "special"  seed  during  the  present  year.  After 
getting  such  a  sample,  reduce  it  in  size  by  quartering  or  otherwise,  so  as  to  secure  a 
representative  subsample  weighing  about  4  pounds,  and  send  under  the  inclosed 
frank  by  mail  to  my  address. 

H.  W.  Wiley,  Chemiitt. 

On  March  20,  1901,  the  seed  was  mailed  to  the  stations  named  by 
the  Section  of  Seed  and  Plant  Introduction,  and  on  March  28  the 
following  letter  was  addressed  to  the  cooperating  stations: 

March  23,  1901. 
Dear  Sir:  In  order  that  I  may  be  put  into  direct  communication  with  the  official 
of  your  station  who  will  be  in  personal  charge  of  the  collaborative  work  on  the  study 

a  Results  published  in  Bulletin  N^o.  64,  Bureau  of  Chemistry,  U.  S.  Department  of 
Agriculture,  1001. 
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of  the  influence  of  environment  on  the  sagar  beet,  I  write  to  ask  that  in  case  you 
delegate  this  work  to  one  of  your  assistants  you  inform  me  of  that  fact.  In  case  you 
take  personal  charge  of  it  please  let  me  know  also,  in  order  that  I  may  have  an 
official  record  of  the  person  immediately  in  chai^. 

H.  W.  Wii^Y,  OurniiM. 

These  letters  were  also  later  addressed  to  the  Virginia  station  at 
Blaeksburg.  The  responses  showed  that  the  following  stations  and 
officials  would  take  part  in  the  work: 

Washington,  D.  C,  G.  L.  Spencer;  Lafayette,  Ind.,  H.  A.  Huston;  Agricultural 
College,  Michigan,  J.  D.  Towar;  Ames,  Iowa,  James  Atkinson;  I^xington,  Ky.,  M.  A. 
Scovell;  Geneva,  N.  Y.,  G.  W.  Churchill;  Ithaca,  N.  Y.,  L.  A.  Clinton;  Logan,  Utah, 
John  A.  Widtsoe;  Blaeksburg,  Va.,  W.  B.  Alwood;  Madison,  Wis.,  R.  H.  Shaw. 

The  work  at  the  North  Carolina  station  was  temporarily  abandoned, 
owing  to  a  change  in  the  personnel  of  the  station. 

On  April  8,  1901,  a  final  letter  of  instructions  was  sent  out  to  the 
stations  above-named,  which  read  as  follows: 

April  8,  1901. 

Dea^r  Sir:  I  feel  that  it  is  scarcely  necessary  to  make  any  suggestions  in  re^^ard  to 
the  methods  of  planting  and  cultivating  the  beets  which  you  undertake  to  grow  in 
collalx)ration  with  this  division.  The  seed.  No.  5772  "special,"  you  have  probably 
already  received.     If  not,  please  let  me  know  at  once. 

Some  time  before  sowing,  preferably  the  previous  autumn,  the  soil  should  be 
plowed  to  the  usual  depth  of  8  or  9  inches,  and  subsoiled  6  inches  deeper,  making 
a  seed  bed  at  least  15  inches  in  depth.  If  the  character  of  the  soil  warrants  it,  a 
deeper  plowing,  even  to  10  or  11  inches,  and  a  subsoiling  of  6  inches  additional  will 
be  advisable. 

The  surface  of  the  soil  should  \ye  reduce<l  to  a  line  tilth,  anci  be  well  harrowed 
and  stirred  immecliately  before  planting,  so  as  to  stop  all  growth  of  weeds  which 
may  have  been  started. 

The  rows  should  be  18  inches  apart,  and  the  seed  be  planted  at  the  rate  of  about 
25  jMmnds  per  acre,  fo  as  to  Ijc  sure  of  a  good  stand.  If  the  soil  l)e  moist,  the  seed 
should  \ye  covered  to  a  depth  of  from  one-half  to  1  inch.  If  the  weather  be  dry, 
slightly  <leeper  planting  may  l>e  advisable. 

So  soon  as  the  plants  are  growing  vigorously  they  should  Ije  separated  into  clumps 
by  a  hoe  6  inches  in  width,  leaving  the  length  of  3  inches  of  beets  in  each  hill. 
When  the  beets  have  a  vigorous  growth  and  begin  to  form  the  fourth  leaf,  they  should 
be  thinned  to  about  one  plant  in  each  9  inches.  Where  vacancies  occur  in  a  row, 
transplant  carefully  so  as  to  have  the  number  of  plants  indicated  above. 

Ordinary  surface  cultivation  is  all  that  is  rec^uired,  taking  care  not  to  cover  up 
the  beets  at  the  first  cultivation. 

In  sending  the  samples  of  soil,  in  acconlance  with  previous  instructions,  do  not 
forget  to  send  a  history  of  the  plot,  so  far  as  known.  Complete  cultural  and 
meteorological  data  in  collaboration  with  the  WeAther  Bureau  should  be  kept  and 
forwarded  with  the  samples.  Franks  for  fon^'anling  samples  and  full  instructions 
for  harvesting  and  sampling  will  Ix)  sent  later.  It  is  earnestly  requested  that  fre- 
quent analyses  be  ma^le  also  at  the  station,  so  that  the  results  of  those  analyses  can 
be  compared  with  those  which  are  matie  of  beets  pent  here. 

Any  questions  in  reganl  to  further  details  will  Iw  cheerfully  answered. 
RespectfuUv, 

H.  W.  Wiley,  Ch^iiM, 
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The  following  letter  in  regard  to  harvesting  was  forwarded  to  the 
cooperating  stations  under  date  of  September  15: 

Deab  Sib:  Relative  to  the  sugar  beets  grown  by  you  from  seed  marked  *'  No.  5772 
special:" 

When  the  beets  appear  to  be  approaching  maturity  and  before  any  second  growth 
can  take  place,  please  harvest  a  sufficient  quantity  to  enable  you  to  make  a  fair  esti- 
mate of  the  yield  per  acre.  Select  30  average  beets  from  those  harvested,  have  the 
tops  removed,  leaving  about  an  inch  of  stems,  and  wash  and  w^ipe  the  roots. 

Pack  the  carefully  dried  beets  in  a  box,  inclose  full  data  relative  to  the  sample  on 
the  slip  **A,"  and  forward  the  package  to  me  by  express,  clmrges  collect. 

I  will  forward  you  the  necessary  slips  "A"  and  envelopes.  Please  repeat  this 
sampling  and  the  estimate  of  yield  at  interN'als  of  a  w^eek  until  end  of  season,  timing 
the  shipments,  if  practicable,  so  that  packages  will  not  reach  here  Saturday  or 
Sunday. 

Keep  accurate  data  of' all  field  work,  which  please  transmit  at  end  of  season. 
Respectfully, 

H.  W.  Wiley,  Chief. 

Slip  "A,"  referred  to  in  the  above  letter,  calls  for  the  following  data: 
Variety;  when  planted;  when  thinned;  when  harvested;  date  of  ship- 
ment of  sample;  character  of  the  soil;  width  between  rows,  inches; 
chanu^ter  of  the  growing  season,  favorable  or  unfavorable;  estimated 
yield  per  acre,  tons;  remarks. 

SXPEEIMEHT8  CONBXICTEI)  AT  WASHIirOTOH,  D.  C. 

Fourteen  rows  of  the  Dippe  Kleinwanzlebener  Elite  beet  seed  (S.  P. 
I.  No.  5772)  were  sown  on  the  experiment  farm  at  the  Potomac  Flats 
on  May  18.  They  showed  above  the  ground  on  May  25,  and  were 
cultivated  once  a  week  and  oftener  when  there  were  frequent  rains. 
Between  June  11  and  14  the  beets  were  thinned,  one-half  being  allowed 
to  remain  8  inches  apart  and  the  other  12  inches  apart.  The  distance 
between  the  rows  was  18  inches.  Hand  hoes  and  rakes  were  used  for 
the  first  cultivation,  after  which  wheel  hoes  were  employed.  In  the 
following  tabulated  data  the  thick  stand  and  the  thin  stand  of  beets 
have  been  separately  considered  for  purposes  of  comparison. 

Agricultural  aiid  analytical  data  on  beeftt  groiim  on  the  ejrjjeriment  farm,  Potomac  Flats. 
THICK  STAND  (PLANTS  8  INCHES  APART). 


When  received. 


September  26  , 

October  8 

October  10  . . . 
October  17  ... 
October 24  .... 
October  31  ... 
November?.. 
November  21. 


Avemget). 


liWl. 


Removed 

Average 
weleht 

EHti- 

iiiatiHl 

Sugnr In 

Sugar  in  |purity  co- 

^SinT  .     after 

yield 

juice. 

beet. 

emcient. 

pillK' 

topplnK. 
Ounce*. 

per  iicre. 

Per  cent. 

J'er  cent. 

fipT  cent. 

Tons. 

33.4              6.C 

8.3 
7.6 

7.4 
7.3 

66.7 

31.6  1            6.2 

7.1 

65.8 

»1.1              G.7 

7.9 

7.8 

7.5 

68.4 

33. 5  1            R.  9 

8.1 

8.0 

7.8 

67.2 

33.0  1            6.7 

8.1 

8.6 

8.4 

a5.6 

22.5 

8.6 

11.8 

9.4 

9.1 

69.1 

34.0 

6.7 

5.1 

8.8 

8.5 

67.7 

34.2 

5.1 

7.0 

10.6 

10.3 

68.8 

32.0 

6.6 

8.0 

8.5 

8.4 

67.4 
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Agrictdtural  and  analytiml  data  on   beets  grmvn    on   the  experiment  faring    Potomac 

Flats— Continued. 

THIN  STAND  (PLANTS  12  INCHES  APART). 


When  received. 

Removed 
in  top- 
ping. 

Average 

weight 

after 

topping. 

EsU- 

mated 

yield 

per  acre. 

Sugar  in 
juice. 

Sugar  in  Purity  co- 
bect.     '  efficient. 

1901. 
Sentember  26    .       

Percent. 
35.1 
39.0 
30.6 
34.3 
39.9 

a*.  6 

89.2 

a>.6 

Ounces. 

10.4 
9.9 
8.5 
8.5 
7.2 

10.7 
8.0 

10.1 

Ton*. 
7.0 
10.1 
9.9 

7.8 
7.5 
8.6 
6.6 
8.2 

J^  cait. 
7.3 
7.4 
7.8 
8.2 
9.0 
10.2 
9.6 
10.0 

Per  cent. 

65.2 

Octobers 

7.2 
7.5 
8.0 
8.7 
9.9 
9.3 
9.7 

65.5 

October  10 

66.6 

October  17 

66.6 

October  24 

66.6 

October  31    

70.8 

November  7 

67.6 

November  21 

68.5 

Averages 

34.8 

9.2 

8.2 

8.7 

8.6 

67.2 

(ieneral  averages 

.     33.4 

7.9 

8.1 

8.6 

8.5 

C7.3 

A  comparison  of  the  two  plats  represented  by  the  tables  under 
"thick  stand"  and  "thin  stand"  shows  that  the  crowding  of  the  beets 
produced  a  markfed  effect  upon  the  average  weight,  which  in  the 
"thick"  plat  was  ^.i^  ounces  and  in  the  "thin"  plat  9.2  ounces,  .after 
topping.  The  term  "topping"  means  the  removal  of  the  top  of  the 
beet  at  the  neck,  as  in  preparation  for  the  factory.  The  beets  were 
undersized  on  both  plats,  which  is  a  matter  of  remark,  inasmuch  as 
the  soil  is  composed  of  the  deposit  from  the  Potomac  River  bottom 
and  is  considered  quite  fertile,  producing  abundantly  other  crops 
grown  in  the  same  field.  The  3'ield  per  acre  on  the  two  plats  was 
almost  identical,  the  thin  stand  having  a  slight  advantage.  In  regard 
to  the  yield  of  sugar  the  two  plats  are  very  close  together,  but  con- 
trary to  expectation  the  small  beets  in  the  "thick  stand"  plat  had 
slightly  less  sugar  than  the  beefes  of  larger  growth.  The  purity  in 
both  plats  was  extremely  low,  but  was  slightl}^  higher  in  the  "thick 
stand  "  plat. 

The  meteorological  conditions  under  which  these  beets  were  grown 
are  shown  in  the  following  table: 

MttenrohMjiral  data  for  ]yaHhln*/tonf  1).  C.y  1901. 


Month. 

Mean 
temper- 
ature. 

°  F. 
62.5 
72.4 
79.  S 

Total 
prt»cipi- 
Uition. 

Actual. 

lUmrH. 
197.1 
329.  H 
273. 6 

Sunshine. 
PoR.MiI>le. 

Jlourtt. 
443.  S 
445. 9 
453.0 

Per  cent. 

Clear 
days. 

Cloudv 
days.* 

May 

June 

July 

Inehr*. 
2.  SI 
4.66 
6.17 

44 
74 
60 

10 

IS 
12 

16 
6 
7 

Averages  and  total.s 

71.  C 

12. 64 

59.3 

40 

29 

Augtist 

September 

K  K'tober 

76.0 
67.4 
55.6 

4.12 
1.61 
0.97 

267. 3 

245. 4 
268.0 

4'23. 2 
373.4 
3445.0 

77 

11 
11 
19 

9 
6 
6 

Averages  and  totaU 

66.3 

6.70 

68.7 

41 

20 

General    averages   and 
totals 

69.0 

19.:J4 

1 

&4.0 

81 

49 
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The  meteorological  conditions  wei-e  quite  favorable  to  the  growth 
of  beets,  especially  in  respect  of  the  distribution  of  the  minfall.  In 
the  three  months  most  important  to  growth,  namely,  June,  July,  and 
August,  the  rainfall  was  abundant,  while  in  September,  the  month 
most  favorable  to  rijxjning,  and  in  October,  the  month  of  harvest,  the 
rainfall  was  deficient.  In  respect  of  distribution  of  rainfall,  there- 
fore, the  season  was  ideal  for  the  growth  of  a  sugar  beet.  The  tem- 
perature of  the  three  principal  growing  months,  as  was  to  be  exi)ected, 
was  ver}'^  much  in  excess  of  the  maximum  which  is  found  to  l)e  best 
suited  to  the  produ(»tion  of  beets  of  high  sugar  content.  The  excess 
above  the  maxinuim  of  70"  F.  for  June  was  2.4^,  for  July  D.S'^,  and 
for  August  6^.  The  distribution  of  the  clear  and  cloudy  days  was 
also  favoi-able  to  the  growth  of  the  beets.  Aside  from  the  tempera- 
ture, therefore,  it  may  })e  said  that  the  meteorological  conditions 
under  which  these  l)eets  grew  were  extremely  favorable.  It  would 
appear  from  the  consideration  of  this  single  plat  that  the  temperature 
is  the  most  important  factor  in  the  production  of  a  high-grade  l>eet. 

EXFEEIMEHTS  CONDTTCTED  BT  THE  INDIANA  STATION 

Prof.  II.  A.  Huston  makes  the  following  report  as  to  the  cultivation 
of  the  })eets  grown  from  the  Dippe  Kleinwanzlebener  Elite  seed  at 
Lafayette: 

The  special  sugar-beet  f»ee<l,  No.  5772,  furnished  us  by  tlie  Department  in  1901, 
was  planted  on  April  30,  1901.  The  land  was  plowed  and  Pul)Hoile<l  and  was  in  fair 
condition  at  the  time  of  planting.  As  two  quite  hot  days  preceded  the  planting,  the 
Boil  temperature  was  sufficiently  high.  The  seeds  were  planteil  in  plats  of  six  rows 
each,  there  being  four  plats.  The  rows  were  alH)ut  20  rods  long,  but  the  sampling 
was  done  upon  the  north  end  of  the  field  lx»cause  the  conditions  were  more  uniform 
there.  The  spaces  Iwtween  the  four  plats  were  fille<l  out  by  three  plats  of  6  rows 
each  from  .the  other  seed  furnished  by  the  Department.  Samples  of  the  soil  and 
subsoil  were  drawn  on  May  1,  1901,  and  forwanU*<l  to  the  Deiwrtment.  The  beets 
came  up  on  May  9.  The  stan<l  was  not  very  goo<l  nor  uniform,  although  <louble  the 
usual  amount  of  see<l  was  used.  As  the  season  progrt^ssed  the  stiuid  l)ecame  still 
more  uneven  and  was  little  impn)ved  by  transplanting,  although  at  two  i)eriod8 
when  conditions  seeme<i  to  lx»  favorable  Ixvts  were  transplante<l  to  fill  the  vacancies. 
The  l)eet«  were  thinned  to  8  inches  in  the  row,  and  the  rows  were  22  inches  apart. 
The  cultivation  was  kept  up  into  July.  The  season  was  decide<lly  unfavorable  on 
account  of  the  lack  of  moisture,  and  this  fact  combine<l  with  the  rather  uneven  stand 
gave  a  low  yield,  although  the  l)eetM  were  of  very  good  (piality.  On  November  1,  the 
average  yield  from  the  four  plats  of  No.  5772  was  5.4  t<ms  of  washe<i  (^apjHHl  heeta 
per  acrre.  The  weighings  upon  the  other  plats  showed  that  the  yields  were  not 
materially  different  from  this.  The  last  samples  were  drawn  on  November  1.  On 
November  4,  the  groun<l  froze  and  remained  frozen  for  several  days,  and  no  further 
work  was  done  upon  the  field,  since  the  l)eets  were  bailly  frozen  to  a  depth  of  3 
inches.  Previous  ti)  the  heavy  freeze  the  bulk  of  the  field  had  l>een  harvested,  a 
small  portion  only  l)eing  left  to  study  the  (juestion  of  riiwning. 
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Agricultural  and  analytical  data  an  Iteets  groum  at  the  Indiana  experiment  stationy  Lafayette. 


When  received. 

Removed 

in 
topping. 

Average 

weight 

after 

topping. 

Esti- 
mated 
yield  per 
acre. 

Sugar  in 
Juice. 

Sugar  in 
beet. 

Purity 
coeffi- 
cient. 

Sentember  20      

Pnceni. 

Ounceft. 
6.3 
6.2 

T\ms. 

J'trcerd. 
12.1 
15.5 
15.5 
15.1 
16.7 

Per  cent. 

85.2 

October  5 



93.3 

October  26     ....      i 

7.7 
8.2 
6.4 

91.7 

(^.tober  28n 

14 

14.6 

82.5 

November  1 

5.4 

90.7 

Average 

14 

7      i           5.4  1          15 

14.6  !           88.7 

«ThcHe  analvses  were  made  at  Lafayette,  with  the  exception  of  the  one  dated  October  28,  which 
wafl  made  at  Washington  from  a  sample  corresponding  to  that  analyzed  on  October  26  at  the  Indiana 
statinn. 

The  data  for  Lafayette  show  the  growth  of  a  beet  very  much  under- 
sized, the  average  size  of  the  topped  beet  as  prepared  for  the  factorj^ 
being  only  7  ounces.  The  average  yield  per  acre  was  also  only  alwut 
one-half  the  normal  average- -namely,  5.4  tons — though  this  figure  is 
open  to  suspicion,  only  one  estimate  having  been  made.  The  percentage 
of  sugar  in  the  beets  was  quite  high,  and  the  purities  were  phenome- 
nally high,  as  has  been  the  case  in  previous  reports.  In  the  sample  ana- 
lyzed in  the  Bureau  of  Chemistry  the  puraty  was  found  to  be  82.5,  which 
leads  us  to  believe  that  some  modification  of  the  ordinary  method  of 
asceilaining  purity  is  used  at  the  Lafayette  station,  which  is  the  cause 
of  the  phenomenally  high  figures.  In  the  platting  of  the  curves  in 
the  charts  which  follow,  the  data  used  are  those  obtained  in  the  Bureau 
of  Chemistry  on  October  28. 

The  meteorological  data  for  Lafayette  and  Indianapolis  as  given  in 
the  following  tables  illustrate  clearly  the  conditions  of  drought  and 
excessive  sunshine  that  prevailed,  although  the  actual  average  tem- 
perature was  1.2'  lower  than  in  1900. 

Affteorologif'al  data  fitr  iMfayette^  Ind.j  1901. 


Month. 


Mean 
tempera- 
,     turc. 


May.. 
June. 
July.. 


Average  and  total  . 


August 

September . 
OctolHir 


Average  and  total 

General  average  and  total . 


59.5 
72.9 
81.1 


71.2 


75. 5 
66.8 
66.1 


66.1 


68.6  I 


Precipi- 
tation. 


Inchf*. 

2.89 

4.46 

.44 


(Hear 
daj'H. 


7.79 


2.50 
1.34 

4.78 


8.62 


16.41 


Cloudy 
days. 


10  ■ 
15 
21  . 


46  I 


14 
II 
2 


12 
6 
7 


52 


Digitized  by 


Google 


13 

The  sunshine  record  for  Indianapolis,  the  nearest  station  at  which 
sunshine  records  were  kept,  is  shown  in  the  following  table: 
Meteorological  data  for  India7iapoliSf<^  Ind.,  1901. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Clear 
days. 

Cloudy 

Actual. 

Poffiible. 

Per  cent. 

days. 

May 

60.2 
73.6 

InchM. 

2.45 

3.52 

.83 

Hours. 
228.5 
297.6 
396.3 

Hours. 
446.7 
449.0 
455.2 

51 
66 

87 

8 
7 
19 

12 

June 

5 

July 

82.0 

Q 

Average  and  total 

71.9 

6.80 

68 

34 

17 

August 

75.2 
67.4 
56.7 

3.57 

.66 

3.52 

286.7 
284.1 
247.8 

425.2 
373.6 
344.9 

67 
76 
72 

7 

14 
17 

6 

September 

2 

October 

7 

Average  and  total 

66.4 

7.75 

71.7 

38 

16 

General  average  and  total 

69.2 

14.55 

69.85 

72 

32 

a  Fifty-nine  miles  southeast  of  Lafayette,  Ind. 

As  will  be  seen  from  the  preceding  page  the  rainfall  at  Lafayette 
was  very  small,  being  only  16.41  inches  as  compared  with  30.52  inches 
in  1900,  and,  moreover,  the  distribution  was  very  unfavorable.  In 
July,  which  is  the  principal  growing  month,  there  was  scarcely  any 
rain  at  all,  while  the  supply  for  August  was  very  moderate,  and  that 
for  September  still  less.  On  the  other  hand,  during  October,  the 
harvesting  season,  the  rainfall  was  excessive.  Thus  it  is  seen  that  the 
distribution  of  the  rainfall  was  not  at  all  favorable  to  the  production 
of  the  crop. 

The  temperatures  for  the  growing  season  were  above  the  maximum 
for  the  production 'of  beets  of  the  highest  quality,  being  2.9  degrees 
above  70^  F.  for  June,  11.1  degrees  above  70^  F.  for  July,  and  5.5 
degrees  above  70^  F.  for  August.  There  is  a  remarkable  contrast 
between  the  character  of  the  beets  grown  at  Lafayette  and  those 
at  Washington,  D.  C,  where  it  appears  that  the  high  temperature 
interfered  very  seriously  with  the  production  of  sugar  in  the  beet. 
\n  the  case  of  Lafayette  this  effect  docs  not  appear,  and  the  conclusion 
to  be  drawn  from  these  data  would  be  contrary  to  that  reached  at  the 
Washington  station.  In  this  case  it  seems  to  be  the  latitude  which  is 
the  predominating  factor.  The  distribution  of  clear  and  cloudy  days 
was  very  irregular,  October  having  the  largest  number  of  clear  days, 
although  it  was  a  month  of  heavy  precipitation,  July  coming  next  and 
September  third.  The  total  number  of  clear  days  was  10  greater  than 
in  1900,  and  the  percentage  of  sunshine,  as  observed  for  Indianapolis, 
was  5.1  per  cent  higher. 

The  meteorological  data  for  Indianapolis,  about  59  miles  southeast 
of  Lafayette,  are  interesting  for  comparison.  It  is  seen  that  the  tem- 
perature and  precipitation  average  about  the  same  for  the  two  points, 
but  the  distribution  of  the  rainfall  is  slightly  different,  being  heavier 
during  August  at  Indianapolis  and  lighter  during  September.     The 
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total  precipitation  for  the  six  months,  however,  was  slightly  greater 
at  Lafayette,  while  the  average  temperature,  as  might  be  expected, 
was  a  little  higher  at  Indianapolis. 

Under  date  of  Octol)er  28,  Professor  Huston,  in  commenting  on  the 
prevailing  meteorological  conditions  during  the  beet  season  of  1901, 
says: 

Ah  you  are  doubtless  aware,  the  summer  season  has  l)eeu  quite  uuusual  in  this  sec- 
tion, the  drought  being  so  severe  that  the  corn  crop  will  bo  reduced  fully  one-half ; 
on  our  own  farm  we  have  practically  no  com. 

Your  circular  of  September  15,  was  received,  but  since  the  Ixjeta  had  not  appeared 
to  approach  maturity,  but  were  simply  standing  still  from  lack  of  water,  I  did  not 
deem  it  wise  to  send  samples  at  that  time.  On  September  20, 1  sampled  a  field,  and 
the  results  you  will  find  on  inclosed  card;  on  October  5,  I  sampled  again,  and  you 
will  see  that  between  these  dates  the  l)eets  had  made  a  very  sul)8tantial  gain  in 
both  sugar  content  and  purity.  No  rain  fell  lietween  these  dates.  On  Oc^tober  11,  a 
general  rain  set  in,  and  in  four  days  we  had  4.3*5  inches  of  rain.  The  IjeetH 'started 
to  grow,  but  you  will  see  from  the  results  of  the  analyst's  on  October  26,  that  the 
sugar  content  was  not  reduced.  This  is  an  unusual  result,  and  from  now  on  we  shall 
sample  the  field  every  few  days  to  see  what  takes  place.  The  drought  reiluced  the 
stand  of  lxH?ts  fully  one-half,  but  those  remaining  are  of  marketable  size  and  very 
good  quality. 

I  regret  very  much  that  the  beets  are  not  so  situated  that  we  could  have  tried  irri- 
gation on  them,  for  it  would  have  been  a  banner  year  for  the  jMirpose. 

EXPEEIMEHTS  CONDTJCTED  BT  THE  IOWA  STATION. 


The  beet«  were  planted  at  the  Iowa  station  on  May  22,  thinned  on 
June  20,  and  harvested  for  the  first  time  on  October  7.  Mr.  James 
Atkinson,  assistant  in  agriculture  at  Ames,  writes  as  follows  concerning 
the  beet  crop  on  September  23,  1901: 

I  may  say  that,  while  our  ])eet  crop  haa  run  the  gauntlet  of  many  foes  this  year, 
still  it  looks  exceedingly  well  at  the  present  time.  You  are,  no  doubt,  aware  that 
our  crop  suffered  considerably  from  the  hot  winds  and  drought  during  the  summer. 
I  found  that  the  beet  crop  stood  it  about  a«  well  as  any  other  crop,  although  it  waa 
not  by  any  means  exempt  from  injury.  The  blister  beetles  also  gave  us  considera- 
ble trouble,  and  we  were  com|>elled  to  fight  four  broods  of  them  with  Paris  green 
and  London  purple.  However,  it  ap])ears  at  the  present  time  that  we  have  come 
out  on  top  and  that  we  shall  have  beets  of  good  quality  to  harvest.  ♦  *  *  Sugar 
making  has  scarcely  commenced  yet,  the  lK»ets  being  only  slightly  sweet  to  the  taste. 
I  think  the  first  harvesting  will  Ije  ready  alwut  Octol>er  1. 

The  results  of  the  analyses  made  at  Washington  of  the  three  samples 
of  beets  forwarded  are  found  in  the  following  table: 

AgricuUural  and  atuilyticni  data  on  heels  grcnim  at  the  hnva  l^lxperimenl  tStalioHy  Arnen. 


When  received. 


I  topping.  1^4^;;;^ 


1901.                                 )  Ptr  cent.  Otinccn. 

OctoberlO I         18.7  13.4 

October21 '         20.1  12.6 

Novembers 14      |  16.7 

Average 17.6  j         11.2 


I 


Ksti- 

mated 

yield  per 

acre. 


Tmift. 
12.1 
12.8 
13.8 


12.9 


Sugar  in    Sugar  in 
juice.    I     beet. 


lYr  cmt. 
13.7 
14.4 
15.7 


Percent. 
13.3 
13.9 
l.M 


14.6  I 


14. 


l*urity 
co- 
efficient. 


80.6 
7».6 

80.6 
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The  agricultural  and  analytical  data  for  Iowa  show  beets  of  fine 
character,  very  favorable  yield  per  acre,  and  satisfactory  purity. 
The  average  weight  of  the  beets,  prepared  for  the  factory,  was  14.2 
ounces  and  the  estimated  yield  per  acre  12.9  tons.  The  percentage  of 
sug^r  in  the  beet  was  14.1  and  the  purity  80.2.  These  data  must  be 
regarded  as  exceedingly  favorable,  especially  in  view  of  the  climatic 
conditions  under  which  the  beets  were  grown. 

The  following  detailed  statement  of  the  meteorological  conditions 
shows  the  extent  of  the  drought  referred  to  })y  Mr.  Atkinson,  the  rain- 
fall for  the  six  months  being  only  16.15  inches,  as  compared  with  36.29 
inches  the  preceding  year.  The  temperature  was  practically  the  same, 
the  record  for  1900  showing  an  average  of  68.2^. 

Meteortdoiju'id  daUi  for  Ames y  loiva,  1901. 


Month. 

Tempera- 
ture. 

Precipi- 
tation. 

Clear 
days. 

Cloudy 
days. 

1901. 
May 

61.4 
74.4 
83.3 

,  Inches. 
8.69 
2.36 
2.26 

17 
21 
27 

5 

June 

1 

Julv '. 

1 

ATeroKe  and  total 

73.0 

8.31 

65 

7 

AufOi^        

72.8 
61.6 
53.9 

1.21 
3.65 

2.98 

25 
16 
21 

1 

September 

7 

October 

4 

Average  and  total 

62.8 

7.84 

62 

12 

General  average  and  total 

67.9 

16.15 

127 

19 

The  sunshine  record  is  taken  f  I'om  a  table  of  meteorological  data 
fo*  Des  Moines,  Iowa,  about  30  miles  south  of  Ames,  that  being  the 
nearest  station  at  which  sunshine  records  were  kept: 

Meteorolwjical  data  for  Des  Moines^  lo^ca,  1901, 


Month. 

Tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Per  cent. 

Clear 
days. 

Cloudy 

Actual.  '  Pofftible. 

days. 

1901. 

May 

June .-.. 

July 

61.6 
7:^.4 

Inchcjt. 
1.40 
2.41 
l.?2 

812.7 
329.1 
390.1 

451.9 
456.2 
461.8 

69 
72 

84 

12 
11 
15 

6 
3 
1 

Average  and  total 

73 

5.53 

75 

;w 

10 

Aiij^ii^t 

75 

64.8 

56.2 

0.67 
2.60 
2.14 

318.9 
199.9 
230 

429.4 
374.5 

74 
53 
67 

13 
9 

13 

3 

September ,... 

9 

October 

9 

Average  and  total 

65.3 

5.41 

1 

64.7 

35 

21 

General    average    and 
total 

69.2 

10.  »i 

69.85 

73 

81 

These  data  show  that  the  months  of  June,  July,  and  August  were 
considerably  above  the  desired  temperature,  the  month  of  July 
especially  having  been  excessively  hot  both  at  Ames  and  at  Des 
Moines.     The  heat  coupled  with  a  very  insufficient  rainfall,  July  and 
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August  showing  a  very  small  precipitation,  made  the  season  unusually 
dry.  The  data  for  Des  Moines  show  a  much  smaller  precipitation 
and  at  the  same  time  a  much  smaller  number  of  clear  days  than  the 
data  for  Ames.  These  data  show  that  the  beet  crop,  properly  planted 
and  cultivated,  is  ihdependent  of  variations  in  precipitation  to  a  sur- 
prising extent.  The  total  precipitation  during  the  growing  season  at 
Ames  for  1901  was  considerably  less  than  one-half  that  of  the  previous 
year  and  yet  no  deleterious  effect  was  produced  thereb}''  on  the  size  of 
the  beets.  In  this  respect  and  in  quality  the  beet  crop  was  markedly 
superior  to  that  of  1900.  These  data  are  valuable  as  showing  that,  in 
regions  where  deficient  rainfall  may  occ»ur  during  the  summer  time, 
the  sugar  beet  may  produce  a  satisfactory  crop  if  the  proper  attention 
is  paid  to  the  preparation  of  the  soil  and  the  cultivation. 

EXPEBIMEHTS  CONDUCTED  BT  THE  KEHTTJGKT  STATION. 

The  special  beet  seed  was  planted  at  Lexington,  Ky.,  on  April  29, 
1901,  18  inches  between  the  rows,  thinned  on  May  23  and  June  10, 
and  harvested  on  October  17.  The  soil  was  plowed  8  inches  deep  and 
subsoiled  5  inches. 

The  analysis  made  at  Wasnington  of  a  sample  of  these  beets  gave 
the  following  data: 

AgricuUuml  and  analytical  data  <m  beei*  grouni  at  the  Keritucky  Experime.nt  *S?(i/ion, 

Ijexingtati. 


When  received. 

Removed 

in 
topping. 

Average 

weight 

after 

topping. 

EsU- 

matod 

yield  per 

acre. 

Sugar  in 
juice. 

Sugar  in 
tx?et. 

Per  cnil. 
9 

Purity 
co- 
efficient. 

1901. 
October  21 

PrrcnU. 
25.2 

Ounce*. 
10.4 

Ton*. 

8 

I\r  cent. 
9.3 

71 

The  analytical  and  agricultural  data  obtained  at  Lexington  during 
the  season  are  as  follows: 

Agricultural  and  analytical  data  detennirwd  at  the  Kentucky  station. 


Date  of  sampling. 


July  11 

July  27 

August  1 . . . 
AugiMt  19 . 
August  23 . 
October  16. 


NunilKT 
of 
!    beelK. 


Purity 
I       co- 
I  efficient. 


Ounce*.  I  Per  cent.  ' 

'  8.1 

8      I  9.4  i 

9.7  12.1 

10.9  9.7 

10.7  9.9  I 

12.5  I  10.1  I 


63.7 
70.3 
75.4 
77.2 
77.2 
76.7 


Average. 


10.4 


9.9 


73.  S 


The  data  for  the  Kentucky  station  show  that  the  beets  produced 
there  were  slightly  under  the  normal  size,  and  neither  the  content  of 
sugar  nor  the  purity  was  high  enough  to  enable  these  l)eets  to  compete 
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in  sugar  making  with  beets  grown  in  more  northern  localities.  The 
analysis  of  the  single  sample  of  beets  made  at  Washington  gave  almost 
the  same  data  as  the  average  of  the  analyses  made  at  the  Kentucky 
station  from  July  11,  to  October  16,  inclusive.  From  the  analyses 
made  at  the  Kentucky  station  it  appears  that  the  beets  reached  their 
highest  content  of  sugar  early  in  August,  but  too  much  stress  must 
not  be  laid  upon  a  single  analysis.  From  the  middle  of  August  to  the 
middle  of  October  there  was  not  a  very  large  variation  in  the  content 
of  sugar  in  the  beets. 

Mr.  Scovell  states  that  the  early  seasbn  was  favorable,  but  that  July 
and  August  were  unfavorable.  The  climatic  conditions,  as  shown  in 
the  following  table,  do  not  differ  greatly  from  those  of  the  preceding 
season,  even  as  to  total  rainfall: 

MeteoTologiccd  data  for  Lexingtmi^  Ky.j  1001. 


Month. 

Mean    ! 
tempera- 
ture.    1 

111 

Actual. 

Hours. 
273.4 
322.3 
385 

Sunshine. 
Posnible. 

Percent. 

Clear 
days. 

Cloudy 
days. 

Mav 

DegrfCf. 
62.  H 
73.9 
80.3 

Inches, 
2.67 
3.70 
2.61 

Hours. 
441.7 
443.1 
450.1 

62 
73 

86 

14 
13 
23 

7 

June 

2 

July 

0 

Averaipe  and  total 

72.3 

8.98 

73.7 

50 

0 

August 

September 

October 

74 

67      , 
57. 9 

3.71 
2.18 
1.33 

305.5 
276 

288.4 

422.1 

373 

317.3 

72 
74 

83 

10 
13 
22 

5 
2 
2 

Ayerage  and  tr)tal 

66.3 

7.25 

76.3 

45 

0 

General    average    and 
total 

69.3 

16.23 

75 

95 

18 

The  meteorological  data  show  that  the  temperature  of  June  and 
July  was  lower  than  at  Ames,  Iowa,  although  Lexington  is  about  276 
miles  south  of  Ames.  The  distribution  of  the  rainfall  at  L#exington 
was  fairly  favorable,  although  the  supply  was  not  sufficient.  There 
is,  however,  a  remarkable  *  unif omiity  of  precipitation  during  the 
months  from  May  to  September,  inclusive.  The  precipitation  for 
October  was  small,  which  is  distinctly  favorable  for  beet  culture. 

Mr.  Scovell  further  calls  attention  to  the  existing  drought  by  a  state- 
ment of  the  accumulated  deficiency  of  precipitation  from  Januar}^  1, 
1901,  which  in  Ma}'  amounted  to  8.12  inches;  in  June  to  8.67  inches; 
in  July  to  10.24  inches;  in  August  to  10.59  inches;  in  September  to 
11  inches,  and  in  October  to  11.78  inches. 

A  slight  improvement  took  place  in  the  quality  of  the  beets,  the 
average  of  sugar  in  the  beet  having  been  7.8  per  cent  and  the  purity 
coefficient  69.6  in  1900,  as  compared  with  1)  and  71  for  1901.  The 
beets  are,  however,  still  considerably  below  the  commercial  standard, 
both  as  to  sugar  content  and  purity. 
23843— No.  74—03 2 
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EXFEBIMEHTS  CONDTJCTED  BT  THE  MICHIOAIT  STATION. 

As  will  be  seen  by  reference  to  the  following  table,  two  sets  of 
experiments  were  conducted  at  the  Michigan  station,  field  No.  3 
having  been  planted  May  16,  with  rows  18  inches  apart,  and  thinned 
June  15,  while  field  No.  6  was  not  planted  until  June  8,  and  was 
thinned  July  8  and  9,  the  rows  being  21  inches  apart.  The  soil  of 
field  No.  3  is  described  as  a  sandy  loam  and  that  of  field  No.  (3  as  a 
gmvelly  loam.  The  constituents  of  the  soil  will  be  discussed  in  detail 
under  that  heading.  While  le^f  spot  checked  the  growth  somewhat, 
the  season  was  in  geneml  very  favorable,  cool,  and  with  a  great  deal 
of  sunshine.     The  data  for  both  fields  are  as  follows: 

AgriaUtural  and  arialyticai  data  on  heeta  grown  at  the  Michigan  J^lrjterhmni  SUitlon, 

Agricultural  Qdlege. 

FIELD  NO.  3.  EARLY   PLANTING,  MAY   16,  1901. 


When  received. 


September  26. 

()ci<)»x»rlO 

<)ctol)erl5 

()('to»x'rl8«  ... 
November  2a. 
Novembers,., 
November  14 . 


1901. 


Average. 


Remove<l 
in  top- 
ping. 


Per  cent. 
21.9 
16 

10.2 
14.2 
19.1 
25.5 
22,4 


18.5 


Average 

weight 

after 

topping. 

Ounces. 
8.8 
8.8 
10.9 
8.2 
9.4 
10.1 
13.7 


10 


Yield      Sugar  in    Sugar  in 


per  acre,      juice. 


beet. 


Purity 
co- 
efficient. 


Tmut. 
13.6 
14.5 
14.5 
16.9 
16.1 
14. 5 
15.4 


Per  rtiit. 
12.5 
14.4 
16.4 
14.1 
15.3 
16.5 
15.2 


Per  rait. 


13.8  , 
14.9 
13.7 
14.8  I 

14.7 


79.1 
79.6 
81.5 
80.1 
80.1 
82.9 
80.4 


15.1  I 


14.8  I 


11.7  I 


80.5 


FIELD   NO.  6.  LATE   PLANTING,  JUNE  H-9.  1901. 


September  26. 

()clol)erlO 

OcUjlierlS 

October  18«  .. 
November  2". 
Novembers.. 
November  14 . 


Average 

(Jeneral  avemgc 


15.1 
12. 5 
11.8 
14.2 
19.1 
24. 2 
2:^.7 


17.2 


5.4 

5.3 

12 

6.4 

5.4 

14 

4.1 

5.4 

14.8 

8.2 

4.7 

11.1 

9.4 

5.1 

15.3  1 

6.4 

4.0 

17.4 

7 

6.6 

16.8  ! 

11.7 
13.4 
14.3 
13.7 
14.8 
16.6 
16 


5.3  I 


11.4 


14.9  I 


79.5 

89.9 

82 

80.1 

80.1 

83.7 

82.4 


82.5 


"In  the  tw<»  packages  arriving  on  these  datcH  the  lieets  harvested  fr<mi  the  two  flelds  could  not  be 
^eparatl*d. 

The  analytical  data  furnished  by  the  station  showed  an  average 
weight  of  beets  in  the  field  of  18  ounces,  12.7  per  cent  of  sugar  in  the 
beets,  a  coefficient  of  purity  of  7J).2,  and  a  y'\Q\A  per  acre  of  11. G  tons. 

In  case  of  the  early  planting,  while  the  avei^age  weight  of  the  beets 
was  slightly  })elow  the  normal,  the  estimated  yield  i>er  acre  was  far 
above  the  average,  namel}-,  15.1  tons.  The  data  for  the  late  planting, 
June  8  and  9,  field  No.  6,  show  practically  the  same  ([uality  of  beets 
as  regards  sugar  content  and  an  even  higher  purity,  Imt,  in  so  far  as 
yield  per  acre  is  concerned,  the  crop  was  only  a})Out  one-third  that  of 
the  early  planting. 

The  beets  grown  during  1901  were  of  a  better  (juality  than  those  of 
the  preceding  year,    the  percentage  of  sugar  in  the  beet  and  the 
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coeflScient  of  purity  l>eiiig  each  1.5  higher.  The  beets  were  smaller, 
however,  and  the  average  yield  per  acre  was  lower.  The  data  for  the 
late  planting  are  responsible  for  the  decrease  to  a  great  extent,  the 
figures  for  the  early  planting  being  but  little  lower  than  those  for  1900. 
The  climatic  conditions  existing  at  Agricultural  College  and  at 
Detroit  during  this  season  are  shown  in  the  following  tables: 

Meteondfjffical  (kiUi /(/r  AgrUrultural  College y  Mich.j  JffOl. 


Month. 

Temper- 
ature. 

55.2 
68.0 
74.2 

Precipi- 
tation. 

(near 
dayH. 

10 
13 
22 

Cloudy 
dayH. 

Mav 

2.42 
3.57 
6.08 

14 

June 

V 

July 

8 

Average  and  total 

65.8 

11.07 

45 

19 

August 

tW.4 
61.7 
49.6 

2.19 
1.67 
4. 61 

15 

18 
18 

7 

September 

7 

October 

4 

Average  and  total 

59.9 

8.77 

51 

18 

Cieneral  average  and  total 

(J2. 8 

19.  M 

96 

S7 

In  the  following  table  is  given  the  sunshine  record  for  Detroit, 
Mich.,  76  miles  southeast  of  Agricultural  College,  the  nearest  point 
at  which  sunshine  records  were  kept. 

MeteoroUKjieal  (itilti  for  Deinnt^  yfirh.^  liiOl. 


Month. 

Temper- 
ature. 

°K 
56.6 

68.8 
76.8 

Precripl-  | 
tation.    1 

2.76  ' 
2.08 
5..50  , 

Aetual. 

Sunshine. 
Possible. 

Jlount. 
451.9 
4r)6.2 
461,8 

Periient. 

__  1 

'1 
49 
72 

Clear        Cloudy 
day.»i.         days. 

May 

frourit. 
222. 2 

333.4 

5                 10 

June 

July 

9  '                 8 
18  '                 3 

Average  and  tot4il 

67.4 

10.34  1 

1 

61.3  1 

32  <                21 



August 

September 

October 

71.9 
M.8 
52. 8 

3.20  , 
1.65  ! 
1.90 

238.3 
244. 5 
231 

4'29. 4 
374.5 
342.5 

r)5 

65      1 

67      1 

10  1                  6 
13                    4 
16  1                 3 

Average  and  total 

63.2 

6. 75  1 

62. 3 

39                  13 

General     average     and 
total 

65. 3 

17.09  j 

61.8 

1 
71  '               34 

These  data  show  an  abundant  rainfall  during  the  tlirce  i>rincii>iil 
growing  months,  especially  in  July,  when  the  amount  appears  to  be 
excessive.  Sei>tinnbcr  was  a  dry  month,  favorable  to  the  rii)ening  of 
the  beet,  while,  on  the  other  hand,  Oi^tober  was  a  wet  month  and 
unfavorable  to  the  harvesting.  The  figures  for  Detroit  show  practi- 
cally the  same  conditions  Jis  those  prevailing  at  Agricultural  College. 
A  comparison  of  the  meteorological  data  with  that  for  1900  shows 
that  there  was  a  fall  in  the  average  temperature  of  1.7  degrees  and  an 
increase  in  the  precipitation  of  2.8  inches,  while  the  percentiige  of 
sunshine  increased  2.0  per  cent. 
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EXFE&niElTTS   CONDTJCTED   BT   THE    NEW   TORK   STATION   AT 

GENEVA. 

The  experimental  beet  plots  at  the  Geneva  station  were  planted  on 
June  10,  with  20  inches  between  the  rows,  and  were  thinned  from 
July  10  to  20.  Special  fertilizer  experiments  were  conducted  at  this 
station,  which  will  be  further  discussed  under  soil.  The  season  was 
reported  as  being  favorable,  and  the  following  analytical  data,  as 
determined  at  Washington,  bear  out  this  report,  the  beets  from  Geneva 
outranking  any  others  grown  as  to  sugar  content  and  purity,  standing 
second  in  size  and  yield. 

Agricultural  and  analytical  data    on  InrU  grmun  at  the  Neuf   York  exjterimeni  station, 

Geneva. 


When  received. 

Removed 
in  top- 
ping. 

Average 

weight 

after 

topping. 

Estimat- 
ed yield 
per  acre. 

Sugar  in 
Juice. 

Sugar in 
beet. 

Purity 
coeffi- 
cient. 

1901. 
November  2                 .               • 

Percent. 
16.8 
15.9 
17.8 
17.8 
88.3 
15.6 

Ounces. 
19.7 
18.4 
21.4 
19.7 
10.8 
13.1 

Per  cent. 
16.5 
17.9 
14.9 
16.8 
15.45 
17.2 

Perceta. 
16.0 
17.3 
14.4 
15.3 

82.1 

Do . .   . . : 

89.1 

November  11                                  

79.7 

Do            

83.2 

December  24                        ...        ....... 

82.6 

Do         

86.9 

A  verages ^ ...... . 

20.4 

17.2 

"13.8 

16.3 

15.8 

83.9 

a  Averaged  from  N.  Y.  Exp.  Sta.  Bui.  No.  206, 1901. 

As  the  conditions  existing  at  Geneva  seem  to  approach  the  ideal  for 
sugar-beet  culture,  it  is  regretted  that  onl}'  the  temperature  and  rain- 
fall data  are  obtainable  for  that  place.  The  sunshine  data  is  not  avail- 
able for  any  nearer  point  than  Ithaca.  It  is  shown,  however,  that  the 
decreased  temperature  in  1901,  as  compared  with  the  previous  year — 
i.  e.,  1.6'^ — and  the  increased  rainfall  of  3.4  inches  had  practically  no 
effect  on  the  quality  of  the  beets,  while  their  size  was  slightly 
increased.     The  meteorological  data  available  are  as  follows: 

Meteorolwjlcal  data  for  Geneva^  N.  }'.,  liH)l. 


Month. 

Temper- 
ature. 

P«Kipi- 
tation. 

Mav 

1901. 

r)6.9 

68.9 
76.6 

Itichr^. 
8.80 

June 

2.07 

July - --- 

3.97 

Average  and  total 

67.  r> 

9.84 

August 

51.4 

5.62 

September 

2.46 

October 

1.85 

Average  and  total 

62.1 

9.88 

General  average  and  total . . 

64.8 

19.17 
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These  data  show  a  most  favorable  distribution  of  the  rainfall  during 
the  growing  season.  There  was  not  too  much  precipitation  during 
May  and  June,  the  period  of  preparation.  There  was  abundant  pre- 
cipitation during  July  and  August,  the  period  of  i-apid  growth;  a 
diminished  precipitation  during  September,  the  period  of  ripening, 
and  a  very  slight  rainfall  during  October,  the  time  of  harvesting.  No 
more  ideal  distribution  of  the  rainfall  could  be  desired. 


EZPEBIMEHTS   CONDTrCTEB   BT  THE  COKNELL   STATION  AT 

ITHACA,  H.  Y. 

The  season  at  Ithaca  is  reported  as  having  been  favorable,  and  a 
comparison  of  the  anal^^tical  data  with  that  of  the  previous  year 
shows  that  the  beets  were  of  pi'actically  the  same  high  sugar  content, 
although  the  purit}^  was  2  points  lower.  While  these  beets  are  of 
excellent  character,  it  is  to  he  noted  that  the  purity  is  not  as  high  as 
would  be  expected  in  beets  of  their  sugar  content,  being  very  slightly 
below  the  desired  standard.  The  analyses  made  at  the  station  give 
higher  figures  for  both  sugar  content  and  purity  than  those  obtained 
in  our  own  work. 

AgricuUural  and  analytical  data  on  beets  grown  at  the  Cornell  experiment  station,  Ithaca. 


When  received. 

Removed 
in  top- 
ping. 

Average 

weight 

after 

topping. 

Estimat- 
ed yield 
per  acre. 

Sugar  in 
juice. 

Sugar  in 
beet. 

Purity 
coeflB- 
cient. 

1901. 
October  17 

Per  cent. 
17.9 
17.8 
16.8 
21.6 
26.7 
15.8 

Ouncen. 
12.2 
11.2 
13.7 
13.8 
11 
17.8 

Tom. 
10.1 
13 
13 

13.5 
13 
13 

Percent. 
14.5 
14.5 
14.6 
16.3 
14.6 
15.8 

1^  cent. 
14.1 
14.1 
14.1 
15.8 
14.2 
15.3 

80 

October  24 

81.9 

October  31 

77.5 

November  7 

gl.l 

November  21 

79.3 

November  25 

79.4 

Average 

19.2 

13.1 

12.6 

15 

14.6 

79.9 

Agriadtural  and  analytical  data  prepared  at  the  Ckrmell  Statimi. 


When  harvested. 

of  beets.      J"*^*^' 

Sugar  In 
beet. 

Purity 
coeffi- 
cient. 

1901. 
OctoberlS ....            .    . 

Ounce*. 
12.5 
10.0 
8.0 

Per  cent. 

16.85 

16.  a5 

16.65 

Percent. 
15.06 
15.25 
15. 85 
18.43 
15. 77 
17.80 

82.6 

October  22 

82.3 

October  29 

80.5 

November  5 

13.5  19.40 
10. 0            16.60 

16.6  18.75 

K4.0 

November  19 

81.0 

November  21 

83.0 

Average 

11.75 

17.22 

16.35 

82.2 
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The  climatic  conditions  under  which  these  beets  were  grown  are 
shown  in  the  following  table: 

Meteorological  daUi  f<jr  Ithaca  ^  X.  F.,  J90£. 


Month. 

Mean 
tempera- 
■    ture. 

Total 
precipi- 
tation. 

Inrhcs. 
4.20 
3.06 
3.60 

Actual. 

Sunshine. 
PoHsible. 

Percent. 

Clear 
dayH. 

6 
10 
5 

Cloudy 
dayH. 

Mav 

55.8 
67.  K 
74.3 

Ilfmrs. 
219. 6 
344.7 
369.4 

Hours. 
451.9 

456.2 
461.8 

49 
76 

80 

16 

June 

H 

July 

M 

Average  and  total 

66.0 

10.86 

68.3 

21              32 

.\U|fU8t 

69.5 
61.8 
51.2 

1.6(i 
1.07 

277.6 
261.8 
190.6 

429.4 
374.5 
342.5 

65 
70 
56 

8                 9 

September 

13                7 

October 

7                6 

Avenige  and  total 

60.8 

6.58 

63.7 

28  ■            9'> 



M. 

Genenil average  and  total. . . 

6;i.4 

17.44 

66 

49 

The  meteorological  data  show  an  even  distribution  of  rainfall,  indi- 
cating, however,  a  larger  precipitation  in  Ma}'  and  ii  smaller  one  in 
August  than  at  the  (leneva  station.  The  dry  weather  of  September 
and  October  was  extremely  favorable  to  the  ripening  and  harvesting 
of  the  beets. 


EXPEEIMENTS  COHDnCTEB  BT  THE  UTAH  STATION. 

The  plat  selected  for  the  cooperative  sugar-beet  work  was  plowed 
and  subsoilcd  on  April  24,  and  seeded  with  a  drill  on  April  27,  1901. 
The  beets  were  thinned  on  June  1,  and  as  late  as  June  19,  were  not 
suffering  for  water,  at  which  time  the}'  stood  G^  inches.  The  dates  of 
irrigation  were  Jul}'  1,  16,  and  31;  August  15;  and  September  3  and 
10.  The  beets  were  cultivated  on  May  28,  June  13,  and  July  3,  the 
harvest  tiiking  place  on  November  4,  1901.  The  growth  was  uneven, 
there  })eing  vacant  places  in  the  rows.  To  the  above  report  Director 
Widtsoe  adds  the  following  data,  which  differ  somewhat  from  those 
obtained  at  the  Washington  office: 

Tons. 

Yield  i)er  acre 23.91 

IVr  coat  HiuTose  in  juice 17.  ()5 

Purity  coefficient 81.0 

The  analytical  and  agricultural  data  obtained  on  the  samples  for- 
warded to  Washington  are  as  follows: 

Agrlriiltural  and  anahjlival  data  on  heetn  grown  at  the  Utah  K.rperiment  Station^  Tjujan. 


L 


Wht'u  receivcHl- 


Ootober.l... 
Oc'tolwrlO. 
OetoUTll. 
<)rtol>er22- 


1901. 


Removed 

in 
topping. 


Per  cenl. 

14.7 

13.7 

i  9.9 

10. 2 


Avemge. 


12.1 


Average 

weignt 

after 

topping. 


Ounce*. 
•26. 1 
2:^.1 
24.2 
23.2 


24.2 


E«ti- 

matefl 

yield  per 

acre. 


Ttms. 
24.7 
22.0 


Sugar  in 
jiiioe. 


/Vr  cnU. 
12.4 
14.0 
14.3 
17.2 


14.6 


•'"'•        fient. 


l\r  end.  ; 

11.9  1 

75.0 

14.1 

79.8 

13.9 

79.4 

16.7 

82.3 

14.2 


79.1 
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The  data  for  the  Utah  station  are  given  for  reference  and  coin])ari- 
8on,  but  of  eoui*se  are  not  platted  with  the  other  stations  in  the 
graphic  charts.  It  is  the  intention  during  another  year  to  include  a 
series  of  compamtive  tests  at  irrigation  stations  when  the  data 
obtained  for  Utah  will  serve  as  an  introduction.  The  most  marked 
chai-acteristic  of  the  Utah  beets  is  their  large  size,  being  fully  one- 
third  alcove  the  ideal  average  for  sugar  beets  of  high  quality.  The 
3'ield  per  acre  is  also  far  above  that  obtained  at  the  other  stations 
where  irrigation  is  not  practiced.  The  sugar  content  of  the  beets  is 
entirely  satisfactor3%  although  the  purity,  as  might  be  expected  from 
the  character  of  the  soil  and  the  method  of  culture,  is  somewhat  low. 

The  meteorological  conditions  prevailing  at  Logan  and  the  vicinity 
during  the  period  of  growth  were  as  follows: 

Meteorot(tgical  daUi  for  Liujaiij  Utahf  1901, 


Month. 

Mean 
tempera- 
tun-. 

Total 
precipi- 
Uition. 

Clear 
days,  o 

Cloudy 
days. « 

Mav           

Dec/rera. 
60.6 
61.4 
76.7 

Inches. 

2. 4:{ 

0.41 

.07 

21 
20 
28 

7 

June 

2 

July  .                           

•> 

Average  and  total  ....                    

66.2 

2.'91 

69 

n 

AUfTUi^t 

72.8 

ri9.2 

l.(K) 
1.03 
1.8:i 

21 
1>2 

IS 

8 

September 

8 

October 

10 

Average  and  total 

61.9 

4.46 

61 

26 

(Jeneral  average  and  tf)tal 

64.0 

7.37 

130 

37 

«  Record  made  at  Corinne,  19  miles  southwest  of  Logan. 

In  the  following  tiible  is  given  the  sunshine  record  for  Salt  Lake 
City,  Utah,  the  nearest  point  at  which  sunshine  records  were  kept,  60 
miles  south  of  Logan. 

Mt'leoroiogical  dfitafor  S(tlt  Lake  Citify  Utah,  190 L 


Month. 

Mean 

tempeni- 

ture. 

°/: 

63.0 
65.0 
80.2 

Total 
prccipi- 
Ution. 

InrhfH. 

4. -27 

0.49 

.31 

Actual. 

I  four  a. 
352.  r. 
3,>1.4 
386.0 

Sunshine. 
P<»ssible. 

Per  cent. 

Clear 
days. 

Cloudy 
days. 

Muv 

Ilourit. 
4 19. 1 
451.9 
4.58. 6 

79 

78 
84 

20 
23 
19 

2 

June 

3 

July 

2 

Average  and  total 

63.4 

5.07 

80.3 

02 

7 



August     

76.0 
63.0 
55.6 

1.22 
.66 
.98 

282.0 
302.9 
2»».4 

4'27. 4 
374. 0 
;M3.  9 

66 
81 
70 

18 
21 
22 

C, 

S«»ptember 

3 

(October 

5 

Average  and  total 

64.9 

2.86 

1 

72.3 

61 

11 

(ieneral    average    and 
total 

67.2 

7.93 

1 

76.3 

123 

L'l 

1 
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The  meteorological  conditions  at  Logan  are  interesting  in  showing 
the  distribution  of  the  precipitation  and  the  variations  in  temperature. 
During  July  it  is  seen  that  only  a  trace  of  rain  fell,  while  in  August 
and  October  the  precipitation  compares  favorably  with  that  of  some 
of  the  nonirrigated  stations.  The  temperature  at  Logan  during  the 
growing  season  is  decidedly  lower  than  at  the  nonirrigated  stations. 
July  shows  a  high  temperature,  but  June  especially  is  low,  and  the 
August  temperature  is  not  much  above  70°. 

The  data  for  Salt  Lake  City  show  practically  the  same  distribution 
of  precipitation  as  at  Logan  during  the  months  of  June,  July,  and 
August.  The  temperature,  however,  at  Salt  Lake  was  decidedly 
higher,  especially  during  July,  and  the  precipitation  during  the  month 
of  May  was  nearly  twice  as  great  as  at  Logan. 


EXPEEIMEITTS  CONDUCTED  BT  THE  VIEOINIA  STATION. 

For  the  first  time  the  experimental  beet  work  was  carried  on  at 
Blacksburg,  in  1901,  thus  supplying  a  Southern  station  to  take  the 
place  of  North  Carolina,  where  the  work  was  temporarily  discontinued. 

The  beets  were  planted  on  June  1,  with  18  inches  between  the  rows, 
thinned  on  July  5,  and  the  first  sample  forwarded  was  harvested  on 
October  12.  The  determinations  of  the  percentage  of  sugar  in  the 
juice,  as  made  at  the  experiment  station,  were  as  follows: 

Per  cent. 

September  20,  1901 6.65 

September  30,  1901 8.95 

October  12,  1901 12.62 

October  22,  1901 12.69 

October  31,  1901 12.77 

Average 10. 74 

The  analytical  data  obtained  at  Washington  on  the  samples  for- 
warded from  Blacksburg  and  the  climatic  conditions  prevailing  during 
the  period  of  growth  are  shown  in  the  following  tables: 

AgricuUuTcU  and  analytical  data  on  })eeU  grown  at  the  Virginia  experiment  fAaiion^ 

Blacksburg. 


When  received. 

Removed 

in 
topping. 

Percent. 
8.7 
20.6 
16 

Average 

weight 

after 

topping. 

Esti- 
mated 
yield  per 
acre. 

Sugar 

in 
juice. 

Sugar 

in 

beet. 

III 

1901. 
October  15 

Ouncett. 

4 
4 

10-1- 

Percent. 
11.6 
13.5 
15.8 

Per  cent. 
11.2 
12.9 
15.3 

75.5 

( )e  U  )bo  r  24 

76.7 

November  2 

80.2 

Average 

16.1 

4.5 

10 

13.6 

13.1 

77.6 
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Meteorological  data  for  Blackstnirg,  Fn.,  1901, 


Month. 

Mean 
tempera- 
ture. 

Total 
precipita- 
tion. 

Sun- 
Bhine.a 

Clear 
days. 

Cloudy 
days. 

M^y  . ,              -  - -                 

58.7 
67.8 
74 

Inches. 
6.71 
6.78 
4.51 

PereenL 

12 
10 
14 

10 

June 

46.8 
54.6 

12 

July 

7 

Avera^  and  total 

66.8 

18 

60.7 

86 

29 

AllgTlSt 

68.6 
61.6 
52 

10.58 

2.50 

.96 

40.8 
61.3 
668 

7 
15 
21 

12 

September 

9 

October 

8 

Aveinfife  ftnd  t'itfti ..-......--,....,,.., 

60.7 

14.08 

56.7 

48 

24 

General  average  and  total 

63.8 

32.08 

68.7 

79 

63 

a  These  data  were  averaged  from  weekly  means  furnished  by  Mr.  Alwood. 
bTo  October  19  only. 

In  commenting  on  the  season  at  Blacksburg,  Mr.  Alwood,  under 
date  of  October  12,  says: 

The  weather  conditions  have  been  decidedly  bad  here  this  year,  so  that  the  crop 
is  not  extra  heavy,  but  it  can  be  considered  a  fair  average.  I  think  that  at  this  time 
the  beets  are  practically  mature,  but  I  fear  that  the  wet  season  and  consequent  lack 
of  sunshine  will  cause  them  to  analyze  very  low  in  sugar.  To  the  present  time  no 
second  growth  has  b^un;  in  fact,  only  a  few  of  the  bottom  leaves  have  died.  It  is 
hardly  probable  that  conditions  as  to  sunlight  will  be  such  as  to  increase  the  sugar 
content  very  materially  from  this  on. 

It  will  be  noticed  that  the  general  characteristics  of  the  season  at 
Blacksburg  are  in  striking  contrast  to  those  at  the  other  stations, 
unusual  rains  having  prevailed  at  the  former  and  drought  at  the  latter. 
In  forwarding  the  samples,  Mr,  Alwood  said:  '^  A  more  unfavorable 
year  could  not  occur,  but  in  this  garden  soil  the  result  is  fair." 

A  study  of  the  agricultural  and  analytical  data  for  Blacksburg  shows 
a  beet  of  phenomenally  small  size  but  of  a  fair  average  yield  per  acre. 
The  sugar  content  of  the  samples  was  fair,  but  the  purity  was  unsatis- 
factory. The  high  sugar  content  of  this  low  latitude  must  be  ascribed 
principally  to  the  altitude  of  the  station,  which  is  about  2,100  feet. 
One  of  the  principal  objects  in  extending  the  collaborative  work  to 
Blacksburg  was  to  determine  the  effect  of  altitude  and  its  accompany- 
ing meteorological  influences  upon  the  sugar  content  of  the  beet.  This 
object  has  been  attained  in  a  most  striking  manner  in  the  preceding 
data. 

The  rainfall  during  the  preparatory  planting  period  was  excessive. 
For  the  month  of  June  it  was  abundant  and  for  August  far  in  excess 
of  the  quantity  required  for  favorable  growth.  The  precipitation  for 
September  and  October,  however,  was  favorable  to  the  ripening  and 
harvesting  of  the  crop. 


Digitized  by 


Google 


26 

EXPEEIM£9T8  COITDUCTED  BT  THE  WISCOHSIH  STATION. 

While  the  beets  grown  at  the  Wisconsjin  station  were  of  very  fair 
quality,  they  were  far  inferior  to  those  of  the  previous  season,  showing 
a  decrease  of  sugar  in  the  beet  of  2.5  per  cent  and  a  decrease  in  purit}" 
of  8.8.  The  beets  grown  in  1900  ranked  next  to  the  highest  among 
the  cooperating  stations,  and  undoubtedl}'^  the  falling  off  in  qualit}'  in 
1901  was  due  not  solely  to  the  drought  (th^,  total  precipitation  for  the 
growing  season  being  7.7  inches  less  than  in  the  previous  year),  but 
also  in  part  to  the  unfortunate  distribution  of  such  rain  as  fell.  The 
drought  was  most  extreme  in  the  first  months  of  growth  and  the  rain- 
fall greatest  in  September  and  October,  thus  probably  inducing  a 
second  growth  and  lowering  the  quality  of  the  beets.  The  average 
temperature  and  the  number  of  clear  and  cloud^^  da3's  remained  prac- 
tically the  same  as  in  1900,  the  i*ainfall  being  thus  the  only  important 
variant. 

The  tables  given  below  show  the  analytical  data  olitained  at  Wiush- 
ington  on  these  samples  and  also  the  meteorological  conditions  under 
which  the  beets  were  grown: 

Afjrirultnral  and  atutlytical  data  on  heels  groirn  at  the  Wij*rmiJtin  Ki-jterimmt  StatioUy 

Madison. 


When  received. 

Removed 
In  top- 
ping. 

Average 

weight 

after 

U>pping. 

EHti- 

mate<l 

yield  per 

acre. 

Sugar  in 
juice. 

Sugar  ill 
iH'ets. 

Purity 
coeffi- 
cient. 

1901. 
Octoberl 

/Vt  rnit. 
10 

Ounrm. 

8.2 

7>/»w. 
11.375 
9.3 
12.8 

Per  cent. 
13.5 
14.1 
U.l 

/Vt  rent. 
12.9 
13. 5 
10.8 
13.4 

HO.  3 

()oU>lH*r  9 

15. 1              S.  3 
9.4  ;          11.4 
14. 9             15.  S 

K2 

October  16 

71.2 

October  24 

10.5               13.8 

76. 2 

Average 

12.4 

10.9 
yfadiitoi 

11                    13.1 

12. 7 

77.4 

Meteorologicai 

'  data  for 

,  H'«V».,  J 901. 

Month. 



Mean 
tempera- 
ture. 

57.8 
70.4 
79.6 

69.3 

Total 
pre<'Ipi- 
tati(»n. 

Clear 
days. 

t 

12 

(Houdy 
dayK. 

May 

Inchrn. 
2.41 
2. 40 
l.M 

15 

June 

12 

July 

9 

Average  and  total 

6. 3.-> 

21 

^^ 

AugniNt 

71.6 
61.4 
52.4 

i.rw 

4. 16 
2. 49 

10 
7 
10 

11 

Septemlx^r 

10 

October 

9 

Average  and  total 

61.8 

7.98 

27 

30 

Gonenil  average  and  total 

65. 6 

14.33 

48 

66 

The  following  comment  on  the  climatic  conditions  as  shown  in  the 
above  table  is  made  by  Mr.  Shaw: 

The  season  of  1901  was,  as  a  whole,  very  unfavorable  \o  moFt  croi>H  in  Wiwonsin. 
The  extremely  hot  and  dry  weather  during  July  and  August  did  great  damage  to 
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crops  all  over  the  State,  the  southern  part  of  the  State  suffering  most  from  the 
drought.  The  average  temperature  of  July  was  4.8°  F.  above  normal,  and  in  the 
region  along  the  western  border  of  the  State  the  average  for  this  month  rose  10°  F. 
above  the  normal  temperature.  The  rainfall  during  the  season  was  very  uneven, 
the  average  for  the  northern  and  central  counties  being  nearly  23  inches  for  the 
seven  months,  March  to  September,  and  only  about  14  inches  for  the  southern 
counties.  The  total  rainfall  for  the  seven  months  was,  on  the  average  for  the  whole 
State,  20.41  inches,  which  is  two-thinis  of  an  inch  below  normal. 

The  following  detailed  report  of  the  cultural  data  and  other  inter- 
esting items  as  to  the  season's  work  was  forwarded  by  Messrs.  Woll 
and  Shaw,  in  charge  of  the  coopei'ative  work  at  the  Wisconsin  station: 

The  land  was  plowed  early  in  the  spring  of  1901  and  a  few  weeks  later  prepared  in 
the  usual  manner  for  the  planting  of  the  beet  seed  by  disking  and  pulverizing.  The 
planting  was  done  by  means  of  a  hand  seeder  on  May  17,  in  rows  running  north  and 
south,  18  inches  apart.  The  experience  of  last  year  was  duplicated  this  spring;  a 
hard  crust  was  formed  on  the  land  through  heavy  rains  a  few  days  l)efore  the  young 
plants  l)egan  showing  themselves  above  ground;  as  most  of  the  young  plants  prob- 
ably would  have  l)een  unable  to  break  the  crust  formed,  it  was  decided  to  reh arrow 
and  replant  the  entire  plat,  and  this  was  accordingly  done  on  June  7. 

The  plants  began  appearing  above  the  ground  about  June  14.  A  terrific  thunder- 
storm appearing  on  June  16  did  great  damage  to  the  beets,  as  to  all  crops  in  this 
vicinity,  and  the  soil  of  the  eastern  part  of  the  field  was  washed  badly,  in  places  to 
a  depth  of  2  or  3  inches;  in  other  places  the  young  beet  plants  were  covered  to  a 
similar  depth.  The  field  was  thoroughly  hoed,  and  although  the  crop  at  first  seemed 
entirely  mined,  the  beet  plants  gradually  ret^overed.  In  the  eastern  part  they  seemed 
struggling  for  existence  against  heavy  odds  for  a  week  or  more. 

The  plants  were  thinned  from  June  27  to  July  1 ,  a  strong  plant  being  left  every 
9  inches  in  the  row.  Owing  to  the  severe  drought,  no  transplanting  was  attempted. 
For  over  a  month  after  this  date  no  rain  fell  and  the  beets  grew  but  little,  the  best 
stand  being  in  the  southwest  comer  and  the  poorer  in  the  southeast  corner  of  the 
field.  The  drought  in  this  vicinity  completely  ruined  some  crops,  and  the  prosi>ects 
were  at  this  time  that  there  would  not  l>e  a  yield  of  50  per  cent  of  the  usual  average 
of  any  crop. 

The  sampling  of  tlie  l^eets  for  analysis  took  place  for  the  first  time  September  25, 
and  from  that  time  up  to  harvest  the  variety  No.  5772  was  sampled  every  week.  The 
results  of  the  analysis  are  given  in  the  following  table: 

Affrinillnral  and  analytical  data  determined  at  Madisony    Wis.^  on  heels  grmim  at  tliai 

station. 


Vnte  of  flamplin^. 


Weight  of 

trimmed 

beets. 


1901 

SeptcmJ)er  25 

October! 

Octot>erll 

A  V  crage 


Ounces. 
9.6 
8.0 
10.7 


9.4 


Sufirar  in 
juice. 


Per  rrni. 
12.6 
13.7 
10.8 


12.4 


Sugar  in 
becta. 


Percent. 
12.0 
13.0 
10.2 


11.7 


Purity 
coeffi- 
cient. 


77.2 

78.4 
71.6 


76.7 


The  sampling  of  No.  5772  was  done  by  digging  all  beets  in  60  feet  of  a  row  of  aver- 
age luxuriance  and  selecting  three  beets  from  the  lot.  Samples  were  forwarded  to 
the  Bureau  of  Chemistry,  United  States  Department  of  Agriculture.  The  low  results 
of  analyses  were  due  to  the  immature  condition  of  the  beets.  A  rainy  period  set  in 
on  October  7,  which  lasted  for  five  days;  over  2  inches  of  rain  fell  during  this  time. 
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The  weather  was  raw  and  cold  during  the  following  days,  and  the  harvesting  was 
postponed  as  long  as  practicable,  so  as  to  give  the  beets  a  chance  to  mature.  Other 
farm  work  and  the  uncertainty  of  the  advanced  season  rendered  it  necessary,  how- 
ever, to  begin  the  harvest  on  October  18.  At  that  time  the  beets  looked  as  if  they 
were  still  growing;  but  few  dead  leaves  were  observed,  and  the  general  appearance 
of  the  beets  was  green  and  thrifty.  The  beets  on  the  westerp  half  of  the  plat  looked 
much  better  than  those  on  the  eastern  half. 

A  bushel  basket  of  beets  was  taken  from  each  load  hauled  off  the  field  (1  to 
2  bushels  of  each  variety).  The  samples  thus  secured  were  washed  to  determine 
shrinkage  from  adhering  dirt.  This  amounted  to  8.8  per  cent  for  some  of  the  differ- 
ent varieties,  and  on  the  average  to  5  per  cent.  The  results  obtained  at  harvest 
were  as  follows: 

Estimated  yield  per  acre tons. .    9. 9 

Sugar  in  the  beets per  cent. .  10. 9 

The  low  results  obtained  during  the  past  season  with  the  university  fann  beets 
were  somewhat  of  a  surprise  to  us,  although  we  did  not  expect  much  this  year  from 
the  adverse  conditions  under  which  the  beets  grew  throughout  the  season,  the  most 
important  of  which  was  the  late  date  of  planting.  The  peculiar  climatic  conditions, 
together  with  the  short  growing  period  which  the  beets  had,  fully  explain  the 
results,  and  also  show  that  soils  which  in  ordinary  seasons  will  produce  rich  beets, 
higher  in  sugar  than  the  common  factory  standard  by  at  least  several  per  cent,  as 
has  been  generally  the  case  on  our  university  farm  soil,  may  with  the  same  kind  of 
careful  culture  under  exceptionally  unfavorable  circumstances  produce  beets  that 
would  not  be  accepted  at  a  sugar  factory. 

The  results  of  the  analyses  of  beets  grown  by  Wisconsin  farmers  during  this 
season  show  that  similar  conditions  did  not  prevail  in  all  portions  of  the  State. 
From  three  to  four  weeks  after  the  beets  were  harvested  the  w^eather  was  most  favor- 
able to  the  maturing  of  beets,  being  sunshiny  and  quite  warm,  and,  if  the  harvesting 
could  have  been  postponed  to  this  p>eriod,  there  can  be  no  doubt  that  the  results 
would  have  been  nearly  up  to  the  standard  set  by  earlier  work  in  this  line  done  at 
our  experiment  station.  This  would,  however,  have  brought  the  harvest  nearly  a 
month  and  a  half  later  than  usual,  which  under  ordinary  fall  conditions  would  be 
imprat^ticable  or  at  least  quite  inconvenient.  The  possible  improvement  of  beets 
during  the  weeks  following  the  harvest  is  suggested  both  by  comparison  with  analyses 
of  beets  received  from  outside  points  before  and  after  the  time  of  our  beet  Harvest 
and  from  what  we  know  of  the  relations  of  weather  conditions  to  the  quality  of  the 
beets  grown. 

THE  SOILS. 

For  the  first  time  in  the  study  of  the  effect  of  environment  on  the 
composition  of  the  beet  we  have  collected  and  exaniined  a  number  of 
the  soils  on  which  the  experiments  were  conducted.  Unfortunately 
data  on  some  soils  are  wanting,  owing  to  the  failure  of  the  collaborat- 
ing station  to  forward  samples.  The  following  data  are  therefore 
given  tentatively,  and  in  so  far  as  possible  the  influence  of  the  soil 
on  the  composition  of  the  beets  and  the  magnitude  of  the  crop  has 
been  studied.  The  notes  descriptive  of  the  soils  received  from  the 
stations  follow  ^n  the  next  page. 
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DESCKIPnVE   NOTES  ON   SOILS. 

Lafayette^  Ind. 

(Noe.  22383  and  22384.) 

The  samples  of  soil  received  from  the  Indiana  station  were  accom- 
panied by  the  following  description: 

I  send  yoa  to-day  a  sample  of  the  soil  and  a  sample  of  the  subsoil  from  the  land 
on  which  the  work  on  sugar  beets  will  be  conducted.  This  land  has  not  been  used 
lor  experimental  plats,  but  has  been  in  bulk  crops,  following  the  general  rotation  of 
com,  oats,  wheat,  and  clover.  Before  the  last  com  crop  I  think  there  was  millet  on 
it.  Last  year  the  land  was  in  clover  with  a  poor  stand,  so  that  the  beets  are  planted 
upon  a  clover  sod  which  consists  largely  of  weeds.  The  land  is  in  the  northwest 
comer  of  the  field  immediately  west  of  the  station  building  and  is  opposite  the  old 
greenhouse. 

Agricultural  College^  Mich, 

Field  No.  3,  Nos.  23581  and  23582. 
Field  No.  6,  Nos.  23583  and  23584. 

Under  date  of  November  11,  1901,  Mr.  J.  D.  Towar,  agriculturist 
of  the  station,  made  the  following  report  on  the  soil  on  which  the 
beets  were  grown: 

In  this  mail  I  am  sending  you  samples  of  the  soil  and  subsoil  on  which  the  sugar 
beets  which  we  have  been  sending  you  from  seed  No.  5772  were  grown.  The  sample 
marked  field  No.  3  was  a  clover  sod  of  two  years'  standing  which  was  covered  dur- 
ing the  winter  uniformly  with  a  coat  of  stable  manure.  As  soon  as  we  could  work 
the  ground  in  the  spring  it  was  plowed  to  a  depth  of  8  inches  and  subeoiled  7  inches 
deeper.  This  operation  was  immediately  followed  by  the  roller,  and  the  ground  was 
harrowed  at  frequent  intervals  until  May  9,  when  it  was  in  fine  condition,  and  an  appli- 
cation of  200  pounds  of  home-mixed  fertilizer  per  acre  was  made.  This  fertilizer 
consisted  of  one  part  nitrate  of  soda,  one  part  muriate  of  potash,  and  two  parts  dis- 
solved phosphate  rock,  the  latter  giving  an  analysis  of  about  17  per  cent  total  phos- 
phoric add.  The  nitnite  of  soda  was  96  per  cent  pure,  and  the  muriate  of  potash 
contained  49.85  per  cent  K^O. 

The  soil  samples  were  taken  August  28.  In  field  No.  3  four  samples  of  the  soil 
were  taken  in  the  following  manner,  where  the  depths  were  respectively  9  inches, 
8i  inches,  6}  inches,  and  11}  inches.  In  each  case  a  hole  was  dug  about  1  foot 
square,  leaving  one  perpendicular  side  from  which  a  vertical  slice  about  3  inches  in 
thickness  was  taken.  The  several  samples  were  thoroughly  mixed,  and  the  sample 
sent  is  a  portion  of  this  mixture.  The  samples  of  subsoil,  taken  immediately  below 
the  soil  samples,  were  from  a  depth  of  1  foot,  and  were  procured  in  a  similar  manner. 

The  samples  from  field  No.  6  were  taken  in  a  similar  manner  to  those  from  field 
No.  3,  though  the  soil,  a  heavier  loam,  was  from  a  plot  which  has  grown  sugar  beets 
three  years  in  succession,  receiving  al)6olutely  no  fertiliz  x.  The  depth  of  soil  in  the 
three  places  sampled  was  8},  8,  and  9i  inches.  This  plot  was  adjacent  to  others 
which  have  received  each  year  applications  of  fertilizers,  but  the  remarkably  low 
yield  of  the  No.'  6  plot  is  due  more  to  the  lateness  of  the  season  at  which  the  seed 
was  planted  than  to  exhaustion  of  the  soil  fertility.  I  wrote  you  some  time  ago  that 
we  had  sown  this  seed  on  a  piece  of  muck  land,  some  of  which  was  quite  thoroughly 
mixed  with  alluvial  soil. 
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lAxjaii^  Utah, 
(No.  2:J58(J.) 

The  history  of  the  plot  used  for  the  si)ecial  beet  work  at  the  Utah 
station  was  reported  as  follows: 

Plot  No.  379  is  located  on  the  upper  level  of  the  I^gan  delta.  The  Hoil  is  gravelly 
and  not  more  than  2  feet  in  depth.  It  is  underlaid  by  a  stratum  of  coarse  porous 
gravel  ix»rhaps  25  feet  or  more  in  thickness.  The  virgin  ground  was  broken  in  1889. 
Com  was  grown  on  it  in  1890  and  1891,  oats  in  1892,  clover  in  1893,  wheat  in  1894, 
timothy  in  1895  and  1896,  wheat  in  1897,  peas  in  1898,  wheat  in  1899  and  1900,  and 
sugar  beets.  United  States  Department  of  Agriculture  No.  5772  "special,"  in  1901. 
The  plat  was  manured  in  the  winter  of  1900-1901. 

JiUwl'ishurg ^  Va. 

(No.  23818.) 

The  soil  in  which  the  beet«  were  raised  is  descril)ed  as  a  brownish- 
black  loam.  The  following  description  of  the  taking  of  the  sample 
forwarded  to  Washington  for  analysis  and  its  general  characteristics 
was  furnished  by  the  director  of  the  station: 

Three  positions,  fairly  representing  the  entin^  plot,  w^ere  chosen,  and  the  not^^'s  made 
a^  follows: 

Opening  No.  1. — The  soil  down  to  the  sulwoil  measured  7J  inches,  dark  brown  color, 
mellow  loam  in  character.  Color  change<l  sliarply  at  this  i)oint.  Subsoil  ocherous 
gray,  quite  friable,  with  considerable  sand,  yet  firm. 

Opening  No.  2. — Same  general  character  of  soil;  9  inches  down  t4>  the  line  of  change 
of  color. 

Opening  No.  3. — Soil  84  inches  tx)  the  line  of  change  of  (^olor.  The  loam  is  a  lighter 
brown  in  color.     The  subsoil  is  the  same. 

This  land  is  a  part  of  the  exi)erimental  garden  which  was  heavily  manuretl  until 
the  last  three  years,  during  which  time  it  ha<l  received  no  barnyard  manure  and  no 
chemical  fertilizers.  It  would  be  considered  a  very  good  type  of  garden  soil,  but  in 
ita  present  state  is  not  very  rich,  as  it  has  been  cropiKid  heavily  each  year.  I.ast 
year  on  this  afea  we  grew  a  collection  of  Chinese  vegetables,  chiefly  root  crops,  but 
no  l)eets  or  crops  belonging  to  this  family. 

Mailtaoti,,    Wis. 

(Nos.  25051  and  25052.) 

The  history  of  the  soil  on  which  the  sugar  beets  of  llMll  were  grown 
is  as  follows: 

The  plat  set  apart  for  the  sugar  lx?ets  at  the  imiversity  farm  was  a  i>iece  of  land 
cme-half  acre  in  area  (155  by  141  feet)  in  the  northwestern  portion  of  the  liandall 
field.  The  field  has  l)een  used  as  a  pasture  ever  since  this  region  was  settled,  and 
was  in  corn  last  year.  During  lat«  years,  prior  to  1900,  it  serve<l  as  a  pasture  forslieep 
or  cows,  but  has  never  been  otherwise  manured.  The  soil  is  a  clay  loam,  and,  like 
most  of  the  land  on  the  university  farm,  lias  a  tendency  to  bake  after  rains.  The 
land  produced  a  very  good  corn  crop  la*<t  year,  and,  as  regards  its  state  of  fertility, 
should  have  been  well  adapted  to  the  pro<luction  of  sugar  beets.  The  lower  part  of 
the  field  slopes  towani  the  northeast,  and  the  unevenness  in  the  soil  in  different  \mT\s 
of  the  field  thus  introduced  rendereil  it  somewhat  unsatisfactory  for  variety  tests. 
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Ithaca^  N,  Y. 

(No.  26099.) 

Unfortunately  the  sample  of  soil  was  not  taken  at  Ithaca  until  1902, 
and  in  the  meanwhile  a  crop  of  oats  and  a  crop  of  hay  from  clover 
and  timothy  had  been  harvested.  The  analysis  of  the  sample  of  soil 
from  the  plat  on  which  the  beets  were  grown  in  1901  is,  however, 
submitted  with  the  above  explanation. 

(No.  25114.) 

The  sample  of  soil  from  the  plat  on  which  the  beets  were  grown  in 
1901  was  not  taken  until  1902,  and  Mr.  Atkinson,  writing  under  date 
of  October  28,  1902,  in  regard  to  this  soil,  says: 

I  inay  say  that  there  was  a  crop  of  soy  beans  grown  on  this  plat  during  1902,  but  I 
have  had  samples  of  the  soil  of  the  first  6  inches,  the  second  6  inches,  and  the 
third  6  inches  taken,  and  will  forwanl  them  to  you  if  you  desire  to  have  them  now. 
Of  course  I  understand  that  the  soy  Ijeans  will  have  produced  a  very  marked  effect 
on  the  soil,  particularly  on  the  amount  of  nitrogen  present.  However,  I  shall  dry 
the  samples  and  forward  them  to  you,  and  hope  that  they  may  be  of  some  use  in 
compiling  results. 

The  samples  sent  were  so  small  that  the  three  were  mixed  and  one 
analysis  made. 

Potomac  Flats ^  Washhujtim^  D,  C. 

(No.  25125.) 

This  soil  is  an  alluvial  silt  pumped  from  the  Washington  harbor 
side  of  the  Potomac  River.  It  was  first  plowed  in  1898,  and  has  never 
been  fertilized.  In  1899  the  plat  lay  fallow,  and  in  1900  it  was  in 
corn. 

Lexington  ^  Ky, 

No  sample  was  forwarded  from  this  station,  but  the  soil  in  which 
the  experiments  were  conducted  is  described  as  the  clay  loam  of  the 
station  farm  known  as  bluegrass  soil. 

GetieiKi^  N.  Y, 

No  sample  of  soil  was  received  from  Geneva,  but  the  following 
descriptive  data  were  furnished,  relating  to  the  fertilizer  experiments: 

The  general  character  of  the  soil  was  that  of  a  clay  loam.  Compara- 
tive experiments  were  carried  on  with  farm  manure  and  commercial 
fertilizer,  and  for  the  first  time  in  four  years  the  beets  raised  on  the 
plats  to  which  the  commercial  fertilizer  had  been  applied  were  supe- 
rior to  those  on  which  stable  manure  had  been  applied.^    This  is 

«For  a  full  discussion  of  the  work  from  this  jwint  of  view  see  Bui.  No.  205,  N.  Y. 
Exp.  8ta.,  Influence  of  Manure  on  Sugar  Beets,  December,  1901. 
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attributed  to  the  fact  that  an  excessive  amount  of  the  latter  was  used. 
The  analytical  data  obtained  at  Geneva  bearing  on  this  point  is  shown 
in  the  following  table: 

AgricuJUnTol  atid  analytical  cUtta  prepared  at  the  N^nv  York  Experiment  Station,  Geneva, 


Quantity 
of  ferti- 
lizer per 
acre. 

Beete  grown. 

Fertilizer. 

Average 
weight 

after  top- 
ping. 

Esti- 
mated 
yield  per 
acre. 

Sugar  in 
juice. 

Sugar  in 
beets. 

Purity 
coeffi- 
cient. 

Stable  manure 

PoundM. 

80,000 

1,000 

(hUlC€9. 

13.1 
12.0 

Terns. 
14.9 
12.6 

Percent. 
18.6 
20.7 

Percent. 
13.4 
16.6 

80.0 

Commercial  fertilizer 

87.7 

Average -, 

12.7 

18.8 

19.7 

14.5 

83.4 

ANALYSES   OF  SOILS. 

In  the  comparative  table  of  analyses  given  below,  including  such 
stations  as  sent  samples  of  soil,  two  methods  of  examination  were 
employed,  namely^  the  method  of  the  Association  of  Official  Agricul- 
tural Chemists,^  and  the  method  of  ascertaining  the  quantity  of  min- 
eral matter  soluble  in  N/200  hydrochloric  acid,  as  proposed  by  C.  C. 
Moore,  of  the  Bureau  of  Chemistry.*  The  first  method  gives  practi- 
cally all  of  the  mineral  matter  in  the  soil  that  may  become  available  in 
many  years.  The  second  method  represents  an  attempt  to  determine 
the  quantity  of  mineral  matter  (in  this  case  potash  and  phosphoric  acid 
only)  which  is  available  for  the  immediate  uses  of  a  crop.  The  method 
has  been  developed,  however,  with  special  reference  to  the  oat  plant. 
A  glance  at  the  analytical  data  obtained  shows  a  wide  difference  in  the 
character  of  these  soils,  both  in  respect  of  the  total  amount  of  plant 
food  eventually  available  and  the  amount  immediately  available. 

Chemical  analyses  of  sugar-beet  soils,  1901. 


Soil  sample. 

Insolu- 
ble 
matter. 

Water 

(H.O). 

Per 
cent. 
1.60 
1.92 

.28 

.24 

:^ 

1.26 
.42 
6.50 
5.20 
8.24 
2.82 
1.75 

Vola- 
tile. 

Nitro- 

Soluble  in 
Nr-»0  hydro- 
chloric acid. 

Station. 

Serial 
num- 
ber. 

Description. 

Potash 

(KjO). 

Phos- 
phoric 
acid 

(Ps06). 

Lafayette,  Ind 

Agricultural  College, 

Logan,  Utah 

22383 
223S4 
23581 

23582 
23583 
236ft4 
2358<? 
238L8 
25051 
26052 
25099 
25114 
25126 

Soil 

Per 
cent. 
79.40 
78.74 
91.87 

92.03 
91.87 
93.59 
71.54 
89.00 
82.77 
79.81 
78.86 
78.49 
83.47 

Per 
cent. 
8.83 
8.00 
3.62 

2.44 
4.30 
2.08 
10.75 
4.46 
4.45 
4.40 
5.50 
8.45 
5.35 

Per 

cent. 

0.295 

.239 

.154 

.091 
.161 
.070 
.201 
•  IM 
.165 
.105 
.201 
.267 
.183 

Per 
cent. 
.0074 
.0051 
.0036 

.0102 

.oa52 

.0039 
.0333 
.0198 
.0010 
.0027 
.0077 
.0079 
.0062 

Per 
cent. 
.00017 

Subsoil 

Soil  (field  No.  3) 

Subsoil  (field  No.  3).. 

Soil  (field  No.  6) 

Subsoil  (field  No. 6).. 
Soil..... 

.00014 
.000062 

.00017 
.00009 
.00015 
.00143 

BlackHburg,  Va 

Madison,  Wis 

.00003 

Soil 

Subsoil 

.00040 
.000025 

ItharA.N.Y 

Ames,  Iowa 

Soil 

do 

do 

.00003 
.00020 

Washington,  D.C... 

.00020 

a  Methods  of  Analysis,  Bui.  46,  Revised,  Bureau  of  Chemistry,  V.  S.  Dept.  Agr. 
ft  Journal  American  Chemical  Society,  24,  79. 
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Chemical  analyses  of  sugar-beet  soils,  1901 — Continued. 


Soil  sample. 


Soluble  in  1.115  sp.  gr.  hydrochloric  acid. 


Station. 


Serial 
num- 
ber. 


Description. 


I    Sul-  I 

,  phuric  Potash  I  Lime 

I    acid  (KjO).!  (C.O). 
(SO,).  I 


Laiayette,  Ind 

Agricultural  College, 
Mich. 

Logan.  Utah 

Blacksburg,  Va 

Madison,  Wis 

Ithaca,N.Y 

Ames,  Iowa 

Washington,  D.  C. . . 


22884  , 
28581  ' 

23582 

23583  I 

23584  I 
23586  ' 
23818 

25051  ' 

25052  i 
25099  I 
26114  1 
25125  ' 


Soil 

Subsoil 

Soil  (field  No.  3),.... 

Subsoil  (field  No.  3).. 

Soil  (field  No.  6) 

Subsoil  (field  No.  6).. 
Soil 


Soil.... 
Subsoil. 
Soil.... 
....do.. 
....do.. 


Per 

cfmt. 

0.09 

.06 

.07 


.06 


.07 
.07 


Per 

cent.    ' 

0.85 

:?Si 

..si 

.06  I 
.13, 
.76  ' 
.80  I 
.35 
.38  ' 

.35 


Per 

cent. 

0.60 

.72 

.46 

.43 
.34 
.32 
5.00 
.14 
.87 
.52 
.16 
.85 
.47 


Ma 

(M 


Per 

cent. 

0.60 

.62 

.32 

.45 
.22 
.35 
3.42 
.29 
.59 
.75 
.56 
.66 
.61 


I 


Per 
cent. 
8.49  ' 

9.83 : 

3.33 

I 
4.60  I 
3.30 
3.61 
7.49 
5.57  I 
4.42  I 
9.82 
6.56 
8.22 
8.27 


Phos- 
phoric 

acid 
(P«05). 

Per 
cent. 
0.12 
.10 
.06 

.03 
.06 
.04 
.24 
.10 
.04 
.06 
.18 
.06 


Mechanical  analyses  of  sugar-beet  soils,  1901.^ 


Soil  sample. 

Fine  earth. 

Station. 

Serial 
num- 
ber. 

Description. 

1 

s 

e 

B 

i 

2 

o 

p.  ci. 
1.94 
1.37 

2.M 

2.78 

6.18 
4.84 

.62 
2.68 

.48 

"e.'io' 

s 

11 

1 

to 

d 

•oa 

o 

1 

d 

|i 

> 

i 

d 

^a 
sa 

3S 

lAfayette,Ind... 

22388 
223W 
28581 

28682 

28583 
28584 

28586 
23818 
26061 
25052 
25099 
26125 

Soil 

P.ct. 
8.62 
8.00 
1.62 

.54 

1.73 
.80 

3.24 
2.07 
2.41 
.68 
2.09 
1.63 

p.  ct. 
4.00 
3.12 
6.76 

6.82 

7.58 
6.80 

1.90 

3.84 

1.46 

.46 

4.78 

p.  ct. 
2.22 
2.06 

12.20 

11.60 

14.86 
14.58 

1.84 
4.68 
2.26 
.94 
3  74 

P.ct. 
2.00 
1.72 

34.54 

37.60 

41.76 
44.06 

15.48 
9.62 
6.36 
3.68 
10.30 
16.78 

P.ct. 
5.76 
5.35 

15.84 

14.96 

9.64 
10.66 

27.62 
12.66 
11.82 
10.52 
16.26 
24.00 

P.ct. 
62.08 
58.23 
18.22 

13.26 

13.70 
11.04 

26.26 
48.10 
61.12 
69.46 

38.88 
33.02 

P.d. 
22.00 

Subsoil 

18  16 

Agricultural  Col- 
lege, Mich. 

Logan,  Utah 

Blacksburg,  Va.. 
Madison,  Wis 

Soil  (field  No.  3). 

Subsoil   (field 

No.  3). 
Soil  (field  No. 6). 
Subsoil  (field 

No.  6). 
Soil 

8.86 

13.86 

7.24 
7.12 

26.62 

do 

18.00 

do 

13.36 

'  Subsoil 

14.76 

Ithaca.  N.Y 

1  Soil 

19.98 

Washington,  D.C. 

Soil  (from  flats). 

1.62  1    2.W 

21.40 

a  Made  in  the  Bureau  of  Soils.  U.  S.  Department  of  Agriculture. 

b  Organic  matter  determinations  were  made  by  the  wet  combustion  method. 


COMMENT  OX   ANALYSES. 

The  study  of  the  analytical  data  in  the  above  tables  is  interesting 
from  a  scientific  point  of  view,  and  is  also  conclusive,  in  so  far  as  one 
series  of  observations  can  be,  in  regard  to  the  very  small  effect  which 
the  composition  of  the  soil  has  upon  the  sugar  content  of  the  beet. 
While  it  is  doubtless  true  that  the  character  of  the  soil  influences  to  a 
greater  or  less  degree  the  qualit}'-  of  some  crops,  it  is  certain  that  its 
principal  influence  in  the  case  of  the  sugar  beet  is  exerted  almost 
exclusively  upon  the  magnitude  of  the  crop.  In  this  connection  the 
writer  would  like  to  recall  from  personal  experience  two  instances 
23843— No.  74—03 3 
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showing  how  widely  different  kinds  of  soil  may  produce  beets  which 
have  practically  the  same  content  of  sugar.  A  few  years  ago  samples 
of  beets  were  received  from  Chautauqua  County,  N.  Y.,  which  were 
grown  in  a  reclaimed  swamp  where  the  drainage  had  been  so  perfected 
as  to  permit  the  cultivation  of  the  soil.  The  beets  grown  in  this  soil, 
extremely  rich  in  vegetable  mold,  had  a  ver}-  high  content  of  sugar. 
On  the  other  hand,  samples  of  beets  taken  from  almost  a  pure  sand 
near  the  Kankakee  River  in  Indiana,  where  there  was  scarcely  any 
organic  matter  in  the  soil,  had  alniiost  the  same  content  of  sugar. 
These  two  types  of  soil  were  as  entirely  different  as  can  well  be 
imagined. 


RELATION   OF   CROP  TO   THE   PHYSICAL    PROPERTIES  OF  THE  SOIL. 

Among  the  physical  properties  of  the  soils  in  question,  determined 
for  us  bj"  the  Bureau  of  Soils  of  this  Department,  the  first  to  be 
considered  is  the  content  of  cla}'.  The  soil  having  the  lowest  amount 
of  clay  was  that  from  field  No.  6,  Agricultural  College,  Mich.,  7.24 
per  cent.  Low  clay  content  is  usually  associated  with  a  high  percent- 
age of  sand,  and  such  is  the  case  in  this  instance,  the  total  sand  of  all 
dimensions  being  nearly  75  per  cent.'  The  highest  clsLy  content  is 
found  in  the  sample  from  Utah,  namely,  26.62  per  cent.  This,  of 
course,  would  indicate  a  low  percentage  of  sand,  which,  in  point 
of  fact,  is  only  about  45  per  cent.  The  percentages  of  clay  in  the 
three  soils  producing  the  beets  with  the  highest  content  of  sugar 
(about  14.6  per  cent  in  each  case)  were  as  follows:  In  the  sample  from 
Agricultural  College,  Mich,  (field  3),  8.86  per  cent:  in  that  from 
Ithaca,  N.  Y.,  11^98  per  cent,  and  in  that  from  Lafayette,  Ind.,  22  per 
cent,  while  the  soil  producing  the  poorest  beets,  namely,  Washington, 
D.  C,  had  21.4  percent  of  clay.  It  is  evident  from  a  study  of  the  fig- 
ures grouped  in  the  folio  wing  table  that,  while  the  texture  of  the  soil,  as 
shown  by  the  mechanical  analysis,  undoubtedly  has  a  direct  bearing  on 
the  yield  per  acre,  it  has  practicallv  no  effect  on  the  content  of  sugar 
in  the  beet: 

Mechanical  aytahjscit  of  soih  and  data  retjardiug  the  crops  <ff  siujar  heets  f/rown  thereon. 


Serial 
niiin-  I 
ber. 


Station. 


Suifar-beet  crop.       Mecbanicnl  analyses  of  s<iil>». 


Snpur 
content. 


Wftshinjfton 

Madison.  Wis  ... 
Blacksburg.  Va. 
Ltifuvetle.  Ind  .. 
Ithaca.  N.  V 


25125 

•J:'M1S  1 

2:>.>1     Agricultural  C<illege.  Mich. 6  . 


Per  crpf. 
H.5  1 
12.7  I 


Yield    I 
per  acre. 


Clay.     I      Silt. 


14.6 
11.6  ' 
14.7 


8:ii 
11 

10      1 
"  5.  4  I 

12.0  I 

15.1  ' 


Pt r  r/ nt.    Pir  rent. 
33.02 
64.12 
48.  !0 
22        :        62.  OS 
iy.9h  3S.SS 

>.m  I        1».22 


21.4(>  I 
13.36  I 
18 


Total 
sand. 


/Vr  c.  nt. 
45.24 
21.90 
30.80 
13. 9S 
36.  US 
69.  ;m 


a  Only  one  e&timate. 


b  Field  No.  3. 
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RELATION   OP  CROP  TO   THE  CHEMICAL   PROPERTIES  OF  THE  SOIL. 

In  considering  the  effect  of  the  chemical  composition  of  the  soil 
upon  the  character  and  magnitude  of  the  crop  we  have  a  problem  of 
intricate  difficulties.  If  we  regard  the  soil  in  the  light  of  the  total 
plant  food  contained  therein  as  indicated  by  treatment  with  hot  con- 
centrated hydrochloric  acid  for  a  considerable  period  of  time  we 
introduce  figures  which  must  be  foreign  to  the  problem  in  question. 
In  point  of  fact,  in  order  to  have  any  accurate  conception  of  this 
problem  it  is  necessary  to  differentiate  the  amount  of  any  given  plant 
food  consumed  by  a  given  crop  from  the  total  supply  which  is  present. 
This  might  be  illustrated  by  an  attempt  to  determine  how  much 
nourishment  would  be  given  a  man  of  average  size  during  a  da\  by 
analyzing  the  total  nourishment  in  a  barrel  of  flour  from  which  his 
day's  supply  of  bread  has  been  made.  The  actual  effect  produced 
upon  the  man  would  not  be  represented  by  the  total  amount  of  flour  in 
the  barrel,  but  only  by  the  total  amount  of  flour  he  consumed.  There- 
fore, as  before  stated,  in  considering  the  influence  of  the  composition 
of  the  soil  upon  that  of  the  beet  and  the  magnitude  of  the  crop  it  is 
important  to  know  first  the  total  quantity  of  plant  food  present,  and 
next  to  ascertain  if  possible  what  portions  are  immediately  available 
for  the  use  of  the  crop.  The  following  table  has  been  arranged  in  order 
that  the  interrelations  of  these  factors  may  be  more  conveniently 
observed: 

Chemical  analyses  of  soils  and  data  regarding  the  crops  of  mgar  beets  grown  thereon. 


Serial 
num- 
ber. 


25125... 
25051... 
23818... 


2S099... 
23581... 


Station. 


Washington 

Madison,  Wis 

Blacksbuig,  Va , 

Lafayette,  Ind 

Ithaca,  N.Y 

Agricnltural  College, 
Mich.b 


Sugar-b< 

?et  crop. 

Chemical  analyses 

of  soils. 

1 

Potash. 

Phosphoric  acid. 

Sugar 
content. 

iiem 
per  acre. 

Nitrogen. 

ToUI.    1  Availa- 

Total. 

Availa- 
ble. 

Per  cent. 

jyjns. 

Per  cent. 

Per  cent.    Per  cent. 

Per  cent. 

Per  cent. 

8.5 

8.1 

0.183 

0.39 

0.00(i2 

0.08 

0.00020 

12.7 

11.0 

.165 

.35 

.0040 

.04 

.00040 

13.1 

10.0 

.154 

.80 

.0198 

.10 

.00003 

14.6 

a  5. 4 

.295 

.35 

.0074 

.12 

.00017 

14.6 

12.6 

.201 

.22 

.0077 

.13 

.00003 

14.7 

15.1 

.154 

.12 

.0036 

.06 

.00062 

a  One  estimate  only. 


6  Field  No.  3. 


Our  studies  of  this  problem  are  too  restricted  to  justify  any  con- 
clusion at  present  further  than  to  call  attention  again  to  the  patent 
fact  that  the  quality  of  this  crop  is  affected  only  in  a  minor  degree  by 
the  chemical  and  physical  properties  of  the  soil.  The  case  is  quite 
different  in  respect  to  the  kind  of  crop  best  suited  to  a  given  soil  and 
the  magnitude  of  the  harvest.  These  two  items  are  intimately  asso- 
ciated both  with  the  texture  of  the  soil  and  the  quantity  of  plant  food 
therein. 
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8UMMAET  OF  DATA. 

Summary  of  agricultural  and  analytical  data^  1901, 


Station. 


Washington,  D.  C 

Lexington,  Ky.a 

MadiHon,  Wis 

Blacksburg,  Va 

Ames,  Iowa 

Logan,  Utah 

AgTicuIttual  Ck>llege,  Mich . 

Lafayette,  Ind.a 

Ithaca.N.Y 

Geneva,  N.  Y 


Mean 

weight 

of  topped 

beets. 


Estimated 

yield 
per  acre. 


Sugar  in 
beet. 


I 


Ounces. 

7.9 
10.4 
10.9 

4.5 
14.2 
24.2 
&8.3 

8.2 
1S.1 
17.2 


Tons. 
8.1 
8 
11 
10 

12.9 
23.4 
MO.  2 
<-5.4 
12.6 
18.8 


Percent. 
8.5 
9 

12.7 
18.1 
14.1 
14.2 
14.61 
14.6 
14.6 
15.8 


Coefficient 
of  purity. 


67.3 

71 

77.4 

77.6 

80.2 

79.1 

81.5 

82.6 

79.9 

83.9 


a  One  sample  analyzed  at  Washington. 

h  Average  of  late  and  early  planting;  data  for  early  planting  gives  average  weight  10  ounces,  and 
average  yield  16.1  tons. 
<?One  estimate,  for  November  1, 1901. 

Summary  of  meteorological  data,  May  to  October,  1901. 


station. 


Mean 
temper- 
ature. 


Washington.  D.  C 

Lexington,  Ky 

Madison,  Wis 

Blaoksburg,  Va 

Ames,  Iowa 

Logan,  Utah 

Agricultural  College,  Mich 

Lafayette,  Ind 

Ithaca,  N.  Y 

Geneva,  N.  Y 


Precipi- 
tation. 


OF. 

Inchff. 

69 

19.84 

69.3 

16.28 

65.6 

14.33 

63.8 

32.08 

07.9 

16.15 

64 

7.37 

62.8 

19.  M 

68.6 

16.41 

63.4 

17.44 

65.5 

18.03 

a  Average  of  weekly  data  furnished  by  Blacksburg  station. 
^Obser>'ed  at  Des  Moines. 
«•  Observed  at  Salt  Lake. 


Clear 

Cloudy 

Sun- 

days. 

days. 

shine. 

I*er  cent. 

81 

49 

64 

95 

18 

75 

48 

66 
63 

79 

a  53. 7 

127 

19 

«»69.S5 

130 

87 

«-76.3 

96 

37 

d61.8 

74 

52 

«69.85 

49 

54 

66 

See  Ithaca. 


rf  Sunshine  record  for  Detroit. 
«•  Obeerveil  at  Indianapolis. 


Summary  of  ge(*detic  data  for  experiment  Mntious. 


Station. 


;  Average  |  I 

I  length  of,  Latitude,  b, 
I    day.  a    j  I 


Alti- 
tude, ft 


Washington,  D.  C 

Lexington,  Ky '      14 

MadiK)n,  Wis . 


h.    in, 
14    23 


18 

14  44 

Black.sbnrg,  Va i  14  14 

Ames.  Iowa '  14  38 

I»gan.  Utah '  14  37 

Agricultural  College,  Mich.f i  14  42 

Lafayette,  Ind 14  30 

Ithaca,  N.  Y '  14  41 

Geneva,  N.  Y '  14  44 


38  53  23 

38  02  25  : 

43  04  36  , 

37  11  00 

42  02  00 

41  44  00 

42  45  00 
40  23  00 

00  ' 


42    27 
42    53 


00 


Ftet. 
37.6 

979 

955 
2,100 

917 
4.506 

847 

M2 

810 

453 


1 


«The.'»e  figures  are  f<»r  May  to  August,  inclusive,  and  are  from  the  records  of  the  V.  S.  Naval 
Observatory, 
ft  Data  furnished  by  the  V.  S.  Onxst  and  Geodetic  Survey, 
c  Determinations  for  Lansing,  Mich. 
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COirCLUSIOHS. 

As  in  the  previous  report  on  this  subject,  the  data  obtained  in  the 
studies  described  in  the  previous  pages  are  for  convenience  platted 
graphically"  in  three  charts,  figs.  1,  2,  and  3. 

Chart  No.  1  shows  the  percentage  of  sugar  in  the  beet,  the  latitude 
of  the  station,  and  the  sunshine  record,  including  the  total  per- 
centage and  its  distribution.  The  plat  is  based  upon  the  percentage 
of  sugar  in  the  beets,  beginning  with  the  station  having  the  lowest 
record  and  ending  with  that  having  the  highest.  Since  North  Caro- 
lina has  dropped  out  of  the  list  of  stations  cooperating,  Washington 
enjoys  the  distinction  of  having  produced  beets  with,  the  lowest  content 
of  sugar.  In  order  of  sugar  content,  the  other  stations  are  an*anged 
in  an  ascending  scale,  as  follows:  Lexington,  Madison,  Blacksburg, 
Ames,  Agricultural  College,  Lafayette,  Ithaca,  and  Geneva. 

In  general  it  may  be  seen  that  the  latitude,  as  in  the  first  year's 
experiments,  follows  the  sugar  content.  A  notable  exception  to  this 
is  found  in  the  case  of  Blacksburg.  The  reason  of  this  exception  has 
been  stated,  namely,  the  great  altitude  of  the  Blacksburg  station. 
This  fact,  for  the  illustration  of  which  the  Blacksburg  station  was 
especially  selected,  indicates  that,  in  platting  the  latitude  curve,  some 
method  of  reducing  it  to  sea  level  should  be  introduced.  Just  what 
method  is  best  suited  for  this  purpose  can  not  be  stated  or  even  sug- 
gested. It  is  evidejit,  however,  that  this  is  a  problem  which  must 
receive  due  consideration,  and  that  this  calculation  must  be  a  special 
one  for  each  case.  For  instance,  the  effect  of  altitude  on  temperature 
on  a  mountain  plateau  like  that  of  Blacksburg  would  be  very  different 
from  the  effect  of  the  same  altitude  upon  the  tempei'ature  on  a  vast 
plain  like  that  extending  around  Ames,  Iowa,  or  even  Lexington, 
Ky.  These  problems  are  of  the  utmost  meteorological  and  scientific 
import,  and  the  depression  in  the  curv^e  of  latitude,  as  illustrated  in 
this  chart  by  the  Blacksburg  station,  is  of  the  greatest  interest.  Elim- 
inating this  one  point,  it  will  be  seen  that  the  content  of  sugar  varies 
practically  with  the  latitude,  the  only  other  exception  to  this  being 
the  data  from  the  Lafayette  station,  which  from  the  first  of  the  collab- 
orative studies  have  been  found  to  be  very  erratic. 

The  cuiTe  showing  the  percentage  of  sunshine  is  broken,  because  no 
data  for  the  Madison  station  is  procurable.  Kentucky,  as  will  be  seen, 
had  the  maximum  percentage  of  sunehine  platted,  namely,  75  per  cent. 
The  lowest  percentage  of  sunshine  was  that  of  the  Blacksburg  station, 
nameh',  53.7  per  cent.  The  next  highest  was  that  of  the  stations  at 
Ames  and  Lafayette,  the}*  having  the  same  percentage,  namely,  69.9 
per  cent.  The  percentage  of  sunshine  seems  to  have  but  little  effect 
upon  the  sugar  content,  and  it  appears  to  be  well  established  that  the 
chemical  activities  of  the  sun's  light,  in  promoting  the  condensation 
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Fio.  1.— Showing  percentage  of  8Ugar  In  the  beet,  latitude  of  station,  and  minshine  record. 
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of  carbohydrate  molecules  in  the  chlorophyll  cells,  are  not  notably 
diminished  b}-  filtration  through  aqueous  vapor. 

The  distribution  of  the  sunshine  as  indicated  by  the  number  of  clear 
days  in  each  month  is  also  an  interesting  part  of  the  problem.  From 
the  chart,  Washington  and  Ames  appear  to  have  had  the  most  uniform 
distribution  of  clear  days — that  is,  the  number  was  quite  uniform  for 
each  month.  The  smallest  number  of  clear  days  was  experienced  at 
Madison;  especially  is  this  true  of  May,  June,  and  September.  The 
largest  number  of  clear  days  was  experienced  at  Ames,  July  and 
August  being  conspicuous  in  this  particular.  Ithaca  stands  next  to 
Madison  in  regard  to  the  small  number  of  clear  days,  having  almost 
the  same  record.  As  in  the  case  of  sunshine,  it  must  be  said  that  the 
actual  predominance  of  clear  days  is  not  to  be  reckoned  as  an  important 
factor,  except  in  so  far  as  it  may  indicate  drought,  and  thus  interfere 
with  the  magnitude  of  the  crop.  Thus  the  large  number  of  clear  days 
at  Ames  was  accomplished  by  excessively  dr}^  weather  in  1901. 

Chart  No.  2  shows  the  percentage  of  sugar  in  the  beet,  the  purity  of 
the  juice,  the  temperature,  and  the  average  length  of  da}^  at  the  station. 
The  most  interesting  feature  of  this  chart  is  the  relation  between  the 
average  length  of  day  and  the  sugar  in  the  beet.  Eliminating,  as  in 
the  case  of  latitude,  the  Blacksburg  station,  where  the  days,  on  account 
of  the  southern  latitude,  were  short,  and  ignoring  the  slight  variation 
at  Lafayette,  we  find  that  there  is  a  general  agreement  in  the  direction 
of  the  two  curves,  representing  the  percentage  of  sugar  in  the  beet 
and  the  length  of  the  day.  In  other  words,  it  may  be  generally  stated, 
as  the  result  of  an  inspection  of  this  chart,  that  the  percentage  of  sugar 
in  the  beet  increases  with  the  length  of  the  day.  This  is  in  harmony 
with  the  commonly  accepted  theory  of  the  correlation  of  the  functional 
activity  of  the  chlorophyll  cells  and  the  light  of  the  sun.  Under  the 
same  general  conditions  it  is  evident  that  the  longer  the  hours  of 
activity  the  greater  the  amount  of  work  accomplished;  hence,  with 
longer  hours  of  sunlight  the  quantity  of  carbohydrates  formed  will  be 
greater. 

The  temperature  curve,  as  in  chart  2  of  Bulletin  64,  crosses  the 
curve  of  sugar  content,  but  not  symmetrically,  as  in  the  chart  just  men- 
tioned. One  reason  of  this  lack  of  symmetry  is  the  low  temperature 
of  the  Blacksburg  station.  On  the  other  hand,  a  phenomenally  high 
temperature  is  recorded  for  the  Lafayette  station.  While  showing 
more  irregularities  than  the  curves  representing  latitude  and  length 
of  day,  it  is  yet  evident  that  the  tendency  of  the  sugar  is  to  diminiiih 
as  the  temperature  increases.  The  purity  curve,  as  was  to  be  expected, 
follows  in  general  the  percentage  of  sugar  in  the  beet. 

Chart  No.  3  shows  the  percentage  of  sugar  in  the  beet,  the  altitude 
of  the  station,  and  the  rainfall  record,  both  the  totals  and  the  distri- 
bution by  months. 
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Fig.  2.— Showing  percentage  cf  sugar  in  the  beet,  purity  of  juice.  temyxTature.  and  nvcrage  length 

of  day  at  station. 
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EXPLAnSTATlON. 


PLRCCNTAGC  OF  SUGAR  IN   THE  BEET 

TOTAL  INCHES  Of  RAINFALL  DURING  PERIOD  COVERED- 
INCHES  or  RAINFALL  DURING  EACH  MONTH  ■■Hi  ^ 
ALTITUDE  OF  STATION  ^ 


tn 

X 

»- 
z2 


E5 


Fio.  3.— Showing  percentage  of  sugar  In  the  beet,  altitude  of  station,  and  rainfall  record. 

23843— No.  74—03 4 
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The  remarkable  curve  showing  tjie  altitude  of  the  Blacksburg  station 
is  first  to  be  noted.  No  more  striking  effect  of  environment  on  the 
composition  of  the  beet  could  be  given  than  that  shown  here.  It  is 
the  altitude  in  this  case  which  has  secured  so  high  a  content  of  sugar 
in  the  beet.  This  station,  which  has  the  lowest  latitude,  shows  almost 
the  mean  percentage  of  sugar  found  at  the  other  stations.  Another 
important  effect  of  altitude  is  shown  at  the  Washington  station,  which 
is  practicalh^  at  sea  level,  where  the  lowest  altitude  coincides  with  the 
lowest  percentage  of  sugar.  The  only  proper  way  to  study  the  effect 
of  altitude,  as  has  already  been  intimated,  is  in  connection  with  other 
physical  features  of  the  environment,  such  as  mountain  ranges,  broad 
and  extensive  plateaus,  etc.  Altitude  evidently  does  not  in  every  case 
tend  to  increase  the  content  of  sugar.  This  is  illustrated  in  the  case 
of  Ithaca  and  Geneva.  Ithaca  is  almost  400  feet  higher  than  Geneva 
and  yet  the  sugar  content  of  the  beets  grown  at  Geneva  in  the  two 
seasons  covered  by  this  experiment  has  been  higher  than  at  Ithaca. 

The  rainfall,  as  is  shown  by  the  curve,  was  smallest  at  Madison. 
Other  areas  receiving  a  small  rainfall  were  Auies,  Lafayette,  and  Lex- 
ington. The  greatest  amount  of  rainfall  was  at  Blacksburg,  and  the 
next  greatest  at  Agricultural  College,  Mich.,  and  at  Washington. 
The  actual  amount  of  rainfall  does  not  have  so  great  an  influence  on 
the  composition  of  the  beet  as  does  its  distribution.  It  has  been  shown 
that  excellent  beets  can  be  produced  with  a  rather  deficient  supply  of 
rain,  as  was  the  case  at  Madison,  at  Ames,  and  at  Lafayette.  On  the 
other  hand,  an  excessive  amount  of  rain  is  not  necessarily  destructive 
of  sugar  content,  as  is  illustrated  by  the  plat  at  the  Blacksburg  station. 
In  other  words,  it  may  be  stated  that,  given  a  suflicient  quantity  of 
water  to  secure  normal  growth,  the  beet  is  not  very  sensitive  either  to 
a  slightly  diminished  or  a  slightly^  increased  supply.  It  is  important, 
however,  that  the  rainfall  be  not  too  great  in  September,  which  is  the 
period  of  ripening,  nor  in  October,  the  season  of  harvesting. 
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LETrER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington^  D.  6%  ApriH,^  1903, 
Sir:  I  submit  herewith  for  your  inspection  and  approval  a  manu- 
scnpt  describing  the  agricultural  experiments  conducted  in  Georgia, 
Alabama,  Mississippi,  and  Florida  during  the  year  1902  in  connection 
with  the  investigations  of  the  Department  of  Agriculture  relative  to 
the  manufacture  of  table  sirup,  and  recommend  its  publication  as 
Bulletin  No.  75  of  this  Bureau. 

Respectfully,  H,  W.  Wiley, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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SUGAR-CAl^E  CULTURE  IN  THE  SOUTHEAST 

FOR  THE  MANUPACTURE  OF  TABLE  SffiDP. 


I.  FEBTIUZEB  EXPERIMENTS  OH  STTGAB  CAHE. 

(Conducted  by  W.  B.  Hoddenbbry,  Cairo,  Ga.) 

In  harmony  with  an  act  of  Congress  approved  June  3, 1902,  a  series 
of  experiments  was  commenced  in  various  sections  of  the  South  to 
ascertain  the  methods  in  use  for  making  table  sirup  from  sorghum, 
sugar  cane,  and  other  sugar-producing  plants.  The  funds  for  this 
purpose  were  not  available  for  use  before  July  1.  Fortunately, 
through  the  liberality  of  Mr.  W,  B.  Roddenbeiy,  of  Cairo,  Gra.,  a 
series  of  experiments  was  begun  early  in  the  spring  which  would  not 
have  been  possible  without  his  assistance. 

ORGANIZATION  OF  THE   EXPERIMENTS.. 

On  February  26,  1902,  a  letter  was  received  from  Mr.  Roddenbery 
inclosing  a  memorandum  of  proposed  agricultui*al  experiments  with 
sugar  cane,  and  asking  that  such  suggestions  and  modifications  as  were 
deemed  advisable  be  made.  The  plans  submitted  for  approval,  which 
in  the  main  were  excellent,  are  outlined  below,  followed  by  the  mod- 
ifications made: 

.  It  is  proposed  that  the  experiments  be  made  on  24  plats  of  three  rows  each,  70  yards 
long,  of  ordinary  pine  land  which  was  planted  in  collards  in  the  winter  of  1900-1901, 
and  in  sweet  potatoes  in  the  summer  of  1901.  The  land  was  rooted  by  hogs  during 
the  fall  and  broken  broadcast  by  a  two-horse  plow  in  January,  1902.  The  cane  is  to 
be  planted  in  4i-foot  rows  about  March  1. 

Two  one-horse  turn-plow  furrows  are  to  be  thrown  out,  leaving  a  small  ridge  or 
balk  to  be  burst  by  the  8-incii  round  shovel  on  the  guano  distributer  as  the  guano « 
is  being  put  in  the  furrow.  The  cane  is  to  be  planted  in  the  same  furrow  on  top  of 
the  guano  and  covered  with  two  7-inch  round-shovel  furrows.  The  second  applica- 
tion of  guano  will  be  put  out  on  both  sides  of  each  row  by  a  guano  dLstributer  when 
a  good  stand  of  cane  is  up.  The  third  application  is  to  be  made  in  the  same  manner 
when  the  cane  is  laid  by.  Subsequent  cultivation  is  to  be  carried  on  in  the  usual' 
way,  the  cultivations  being  all  alike  and  made  at  the  same  time. 

The  experiments  are  to  be  repeated  in  every  detail  on  another  piece  of  pine  land 
that  was  planted  in  velvet  beans  in  1901,  a  very  rank  and  heavy  growth  having  been 
turned  under  in  December,  1901. 

oin  this  section  the  term  ** guano*'  is  applied  to  any  fertilizer  containing  acid 
phosphate,  nitrogen,  and  potash. 
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For  the  sandy  soil  of  the  fields  used  the  following  formula  for  a  standard,  normal 
fertilizer  is  proposed,  the  standard  amount  being  1,200  pounds  per  acre,  used  in  two 
applications: 

Pounds. 

16  per  cent  acid  phosphate 1, 200 

8  per  cent  upland  meal 400 

19  per  cent  nitrate  of  soda 200 

50  per  cent  muriate  of  potash 200 

In  the  application  of  1,200  pounds  of  such  a  fertilizer  to  an  acre,  the  land  would 
receive  the  following  amounts  of  plant  food:  720  i)ound8  of  acid  phosphate,  240 
pounds  of  cotton-seed  meal,  120  pounds  of  nitrate  of  soda,  and,  120  pounds  of  muriate 
of  potash. 

In  order  to  ascertain  the  best  manner  of  applying  the  above  formula  and  also  the 
quantity  i)er  acre  that  would  give  the  most  profitable  results  the  following  applica- 
tions of  this  mixture  were  made  to  plats  1  to  10,  inclusive: 

Tarlk  I. — Ejrperimenlg  mlh  normal  fertilizer  tm  pints  1-10. 


Plat  No. 

Pounds 
per  acre. 

Method  of  application. 

1...:.. 

1,200 

Broadcast  before  plinnting  and  turn  under. 

2 

1,200 

One  application  in  furrow  with  cane. 

3 

1,200 

Two  applicatloiw;  one  when  planted,  one  in  spring. 

4 

1, 200  ,  Three  applications;  one  when  planted,  one  in  spring,  one    | 

In  summer. 

5 

2,000 

Broadcast. 

C 

2,000 

One  application. 

7 

2,000 

Two  applications. 

8 

2,000 

Three  applications. 

9 

800 

One  application. 

10 

800 

Two  applications. 

To  ascertain  the  relative  value  of  the  onlinary  and  the  lower  grade  fertilizers 

generally  used  under  cane,  plat  No.  11  is  t^)  ret*eive  1,200  pounds  per  acre  in  two 

applications  of  the  following  fornmla: 

Pounds. 

13  jier  cent  acid  phosphate 1, 000 

8  per  cent  cotton-seed  meal 600 

Kainit 400 

To  ascertain  the  relative  imi)ortan(«  of  each  of  the  plant  foods,  and  as  a  guide  to 
the  most  desirable  proportions  to  l)e  used,  the  following  exj)erimente  are  to  be  made 
on  plats  N().s.  12  to  17,  inclusive,  in  which  each  ingre<lient  is  omitted  and  doubled  in 
turn.     Two  applications  of  the  fertilizer  will  Ije  made: 

Table  II. — J'ltperimetilJ^with  varying  proportions  of  plant  foods  on  j)lats  12-17. 


Plat  No. 


12. 
13. 
14. 
15. 
16. 
17. 


PoundH  jxT  acre. 


Acid  phos-  Cotton-Hcod   Nitrate  of    Miiruilc  of 
phate.  meal.      ,      soda.  potiish. 


720 
720 
None. 
1,440 
7-20 
720 


240 
None. 
240 
2'I0 
480 
240 


120 
None. 
120 
120 
240 
120 


None. 
120 
120 
1-20 
120 
240 
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As  an  experiment  in  the  relative  value  of  cotton-seed  meal  and  nitrate  of  soda 
ammoniates  the  following  compounds  are  to  be  applied  to  plats  Nos.  18  and  19.  Two 
applications  were  made: 

Table  III. — Cotton-seed  ineal  and  nilraie  of  soda  ctjmpared. 


Plat  No. 

Pounds  per  acre. 

Acid  phos- 
phate. 

Cotton-seed 
meal. 

Nitrate  of 
soda. 

Muriate  of 
potash.    ; 

18 

675 
756 

526 

110 

19 

221 

126 

As  an  additional  experiment  as  to  the  relative  value  of  cotton  seed  as  an  ammo- 
niate  (cost,  25  cents  per  bushel)  and  cotton-seed  meal  (at  $23  per  ton),  when  applied 
in  the  usual  quantity  used  by  the  best  cane  growers,  i.  e.,  50  bushels  to  the  acre,  the 
following  mixtures  were  tried  on  plats  Nos.  20  and  21,  two  applications  being  made 
as  usual: 

Table  IV. — Comparison  of  cotton  seed  and  coUon-seed  meal. 


Plat  No. 


20.. 
21.. 


Pounds  per  acre. 


Acid  phofi- '     Ck)tton     I  Muriate  of 
phate.  seed.      I     potash. 


720 
650 


a72S 
M,720 


120 
97 


aEquivalent  to  24  bushels,  which  at  25  cents  per  bushel  cost  96. 
I  Equivalent  to  50  bushels,  or  525  pounds  of  meal,  which  at  823  per  ton  cost  $6.03. 
amount  used  by  the  smaller  cane  planters  who  do  not  count  the  cost  of  seed. 


This  is  about  the 


To  ascertain  the  relative  value  of  muriate  of  potash  and  kainit,  the  following  fertil- 
izers were  applied  to  plats  Nos.  22  and  23.    Two  applications  were  made: 

Table  V. — Kainit  and  muriate  of  potash  compared. 


Plat  No. 


22. 
23. 


i 
i 

Pounds  per  acre. 

^  Acid  phoe 
phate. 

Cotton-seed 
meal. 

Nitrate  of  1     «-„.„,.     'Muriate  of 
soda.      1     ^**"'^-    1    potash. 

720 

240 
240 

120                  48^     

720 

120     120 

1 

1 

Plat  No.  24  received  no  fertilizer,  being  used  as  a  check  plat.  The  cane  from  each 
plat  is  to  be  accurately  weighed  and  the  juice  tested  by  the  Baum^  saccharimeter. 

The  following  suggestions  were  made  to  Mr.  Roddenbery  in  modifi- 
cation of  the  plans  submitted  and  were  put  into  effect: 

Instead  of  having  only  three  rows  in  each  plat  4  feet  apart,  four 
were  planted,  inasmuch  as  the  outside  rows  in  one  plat  might  be 
slightly  affected  by  the  fertilizer  applied  to  the  next  one.  The  space 
of  one  row  was  allowed  between  each  plat,  either  planted  with  cane  of 
which  no  account  was  taken  or  left  fallow.  With  ejich  series  of  exper- 
iments a  plat  was  introduced  containing  no  fertilizer.  Arrangements 
were  also  made  for  special  analysis  of  the  fertilizer  used,  franked 
packages  for  sending  samples  of  them  being  provided  and  directions 
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given  for  securing  a  fair  sample.  These  suggestions  were  adopted  by 
Mr.  Roddenbery,  and  later  arrangements  were  made,  after  the  money 
appropriated  by  Congress  became  available,  to  send  a  special  agent  to 
Cairo  for  the  purpose  of  assisting  in  the  harvesting  and  weighing  of 
the  crops  and  in  securing  samples  for  analysis. 

AGRICULTURAL  DATA. 

The  two  fields  finally  selected  for  this  experiment  are  designated  as 
A  and  B.  The  soil  is  a  sandy  loam,  with  clay  subsoil  and  of  low  fer- 
tility, being  fairly  representative  of  the  soils  of  that  section.  In  the 
growth  of  all  standard  ci-ops  in  this  locality  where  large  and  profitable 
yields  are  desired,  fertilizers  are  universally  applied.  The  water 
supply  is  usually  suflicient  and  the  water  comes  near  the  surface.  The 
season,  taken  as  a  whole,  was  a  favorable  one  and  the  tonnage  proba- 
bly better  than  the  average.  Each  field  was  70  yards  wide  and  140 
yards  long,  and  was  divided  into  24  plats,  each  consisting  of  four  rows 
4  feet  apart.  The  fertilizer  was  applied  only  to  the  three  rows,  the 
fourth  row  being  unfertilized  as  a  check  between  the  plats. 

Field  A  is  situated  in  the  middle  of  a  15-acre  field  of  sugar  cane 
and  was  thus  subjected  to  the  ordinary  conditions  of  growth.  This 
field  has  been  in  cultivation  about  twenty  years  and  is  in  a  low  state 
of  fertility,  and  most  of  the  available  plant  food  was  supplied  by  the 
fertilizer.  The  field  was  planted  to  sweet  potatoes  in  1901,  was  plowed 
with  a  two-horse  disk  plow  in  January,  1902,  and  again  plowed  just 
before  the  cane  was  planted.  On  April  3,  Field  A  was  planted  with 
stubble  cane  cut  shQi*t  and  placed  end  to  end  in  the  row. 

Field  B  is  situated  in  the  middle  of  a  25-acre  field  of  sugar  cane  one- 
half  mile  distant  from  Field  A.  The  vsoil  is  similar  in  every  respect 
to  Field  A,  but  has  l>een  in  cultivation  only  five  or  six  years  and  is  in 
a  much  higher  state  of  fertility  than  Field  A.  Field  B  wa.s  planted  to 
velvet  beans  in  1901  and  a  very  rank  growth  of  these  beans  was  plowed 
under  in  the  autumn  of  1901,  the  field  being  again  plowed  just  before 
the  cane  was  planted,  namely,  on  April  4.  Stubble  cane  was  also  used 
for  this  field,  which  was  planted  in  the  same  manner  as  Field  A.  No 
special  cultivation  was  given  the  experimental  plats,  but  they  received 
exactly  the  same  attention  as  the  whole  field  in  which  they  were 
situated. 

Mr.  Ralph  Hoagland,  of  Minnesota,  was  appointed  a  special  agent 
of  the  Bureau  of  Chemistry  and  detailed  to  assist  Mr.  Roddenbery  in 
the  harvesting  and  testing  of  the  crop. 

The  agricultural  data  were  obtained  directly  at  the  fields  and  factory 
by  weighing  a  part  of  the  crop  and  calculating  the  entire  yield  from 
the  area  harvested.  Samples  from  each  plat  were  separately  milled 
and  samples  of  juices  from  the  mill  were  secured  and  transmitted  to 
the  Washington  laboratory  for  analysis.  The  plats  on  Field  A  and 
Field  B  were  treated  precisely  alike  in  every  particular. 
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The  following  observations  as  to  stand  were  made  on  the  two  fields 
on  the  dates  given: 

Table  VI. — Slayid  on  Fidds  A  and  B. 


Plat 
No. 

April  28. 

May  28. 

1  Plat 
1  No. 

April  28. 

May  23. 

A.   1   B. 

A.      B. 

A.   1   B. 

A. 

B. 

Pfrcent.  Percent. 

Percent.  Percent. 

i 

Percent.]  Per  cent 

Percent. 

Percent. 

1 

80      60 

85  .    86 

13 

40  '    40 

85 

85 

2 

20 

15 

90 

80 

14 

50 

50 

85 

80 

40 

40 

95 

90 

15 

40 

75 

86 

90 

40 

60 

95 

90 

16 

20 

10 

86 

60 

80 

90 

100 

95 

i  " 

25 

15 

90 

60 

10 

10 

40 

60 

1  18 

50 

20 

90 

75 

15 

25 

80 

70 

19 

25 

60 

85 

85 

25 

26 

85 

65 

20 

80 

50 

100 

70 

25 

35 

85 

75 

1  '^^ 

75 

40 

100 

60 

10 

20 

20 

80  »    75 

22 

15 

10 

80 

65 

11 

15 

15 

80 

60 

23 

60 

30 

85 

80 

12 

25 

40 

85 

75 

1  24 

50 

40 

75 

50 

The  percentages  expressing  condition  of  the  crop  as  given  in  the 
following  table  are  used  in  the  same  sense  as  such  numbers  are  used 
by  the  Bureau  of  Statistics  of  this  Department  in  its  crop  reports: 

Table  VII. — Condition  and  height  of  cane,  May  2S-0cU}her  IS. 


Plat 
No. 


ConditIon,May23 


I 


B. 


\  Per  cent.]  Percent. 


90 
80 
95 
90 

100 
60 
90 
90 
90 
85 
85 
85 
85 
80 
90 
85 
90 
90 
85 
95 

100 
75 
90 
70 


75 
80 

85 

fo  i 

50 
70 
66| 
75 
80  \ 
70 
75  ; 
85 
75  ' 

""l 
65  I 

7o 

90 

90 

70 

70 

75  I 

651 


Helght,fl 

July  10. 

A. 

B. 

Iwhen. 

Inchc». 

54 

49 

fA 

60 

53 

50 

52 

49 

58 

62 

52 

42 

54 

51 

55 

47 

53 

48 

52 

49 

53 

46 

&1 

47 

50 

49 

46 

42 

54 

60 

55 

44 

54 

47 

54 

45, 

49 

49' 

47 

45  I 
44  I 
49  ' 
85 


Height.a 

July  30. 

'  Helght,5  Oct.  13.  1 

A. 

B. 

Inches. 

A.  ;  B. 

Tnchrn. 

1  Tncheif.      Inches. 

75 

68 

1    60   1    60 

75 

71 

62      49  1 

74 

73 

1    61       60  1 

73 

72 

63       60  ' 

82 

75 

64 

68  i 

72 

64 

62 

64  1 

78 

74 

1    63.5 

68  1 

76 

68 

66 

64 

72 

71 

56 

58 

72 

69 

51 

58 

?2 

66 

58 

54 

69 

67 

52 

58 

68 

67 

53 

60 

63 

60 

57 

68 

73 

72 

60 

68 

75 

69 

61 

66 

74 

70 

56 

64 

75 

65 

60 

62 

73 

71 

58 

66 

68 

63 

63 

60 

79 

65 

61 

&1 

76 

64 

59 

67 

79 

68 

1    59 

67 

59 

48 

46   '    86 

a  Height  measured  to  top  of  leaven. 

b  Height  measored  to  top  of  first  red  Joint. 
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The  general  condition  of  Field  A  on  October  15  was  not  as  good  as 
that  of  Field  B.  In  Field  A  the  dead  leaves  were  about  halfway  up 
the  stalks.  The  double  phosphoric  acid  plat  (No.  15)  had  the  largest, 
tallest  cane  and  the  unfertilized  plat  (No.  24)  the  smallest.  The  cane 
in  Field  B  did  not  show  as  man}^  dead  leaves,  but  the  plats  of  the  two 
fields  appeared  about  the  same,  except  that  the  "no  ammonia"  plat 
(No.  13),  Field  B,  had  very  good  cane  while  the  same  plat  in  Field  A 
had  poor  cane. 

The  genei-al  progress  of  the  cane  in  the  two  fields  between  October 
17  and  November  3  is  shown  in  the  following  tabulated  observations: 

Table  \11L— General  condition  of  Field  A,  October  17,  1902. 


Plat 
No. 

1 

No.  of 
Htalk».a 

375 

General  condition  of  cane. 

Pair  quality  of  cane. 

2 

428 

Trifle  better  than  1. 

8 

437 

About  the  wime  ils  2. 

4 

408 

Do. 

5 

462 

Good  cane;  better  than  3  and  4. 

6 

359 

Lijfht  stand,  fair  cane,  too  much  fertilizer  in  drill. 

7 

461 

About  the  same  m  6. 

8 

412 

Do. 

9 

326 

Much  poorer  than  8,  light  Htand. 

10 

824 

^^me  as  9. 

11 

328 

About  the  8amc  as  10. 

12 

320 

Rather  poor  cane. 

13 

321 

Very  poor  cane,  not  healthy  green. 

14 

343 

Pnir  cane,  far  better  than  13. 

15 

411 

Heavy,  fine  cane. 

16 

469 

Do. 

17 

408 

Very  fair  cane,  not  as  good  as  16. 

IK 

415 

Not  as  good  a«  17;  good  cane. 

19 

328 

Poor  stand,  fair  quality  cane. 

20 

350 

Lighter  cane  than  19,  but  not  so  many  gaps. 

21 

416 

Gowi  cane,  much  better  than  20. 

22 

398 

Good  cane,  but  not  as  good  a.s  21. 

23 

439 

Very  good  cane. 

24 

2^5 

Very  poor,  short  cane. 

"Number  of  stalks  of  cane  of  fair  .size  in  middle  row  of  each  plat. 

Observations  on  Field  A,  November  3. 

This  field  of  cane  will  yield  fewer  tons  of  cane  per  acre  than  Field  B,  but  at  this 
time  is  much  nearer  maturity,  the  dead  leaves  reaching  nearly  up  to  the  tuft  at  the 
top  of  the  cane. 

Plat  1.  Fair  cane,  good  stand;  not  as  good  as  Field  B,  plat  No.  1. 

Plat  2.  Fairly  good  cane,  stand  l)etter  than  plat  No.  1. 

Plat  3.  About  the  same  as  plat  No.  2. 

Plat  4.  About  the  same  as  plats  Nos.  2  and  3. 

Plat  5.  Very  g(XKl  cane,  not  as  good  as  Field  B,  plats  Nos.  3  and  6. 

Plat  6.  Good  cane,  but  not  as  gocnl  as  plat  No.  5. 

Plat  7.  Very  good  cane,  better  than  plat  No.  6. 

Plat  8.  Alx>ut  the  same  as  plat  No.  7. 
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Plat  9.  Fair  cane  only,  fair  stand,  shows  need  of  more  fertilizer. 

Plat  10.  Same  as  plat  No.  9. 

Plat  11.  Fairly  good  cane,  better  than  plats  Nos.  9  or  10. 

Plat  12.  Cane  poor  to  fair,  poor  stand. 

Plat  13.  Very  poor  cane,  poorer  than  plat  No.  12;  short  and  yellow. 

Plat  14.  Fairly  good  cane,  better  than  plats  Nos.  12  and  13. 

Plat  15.  Very  good  cane,  better  than  plat  No.  14;  a  trifle  better  than  plats  Nos.  3 

and  4. 
Plat  16.  Very  good  cane,  better  than  plat  No.  16;  greater  diameter  of  stalk,  yield 

will  be  a  trifle  heavier. 
Plat  17.  Good  cane,  not  quite  as  heavy  as  plat  No.  16. 
Plat  18.  Good  cane,  about  the  same  as  plat  No.  17. 
Plat  19.  Good  cane,  about  the  same  as  plat  No.  18. 
Plat  20.  Very  poor  cane,  but  little  better  than  the  unfertilized  plat 
Plat  21.  Good  cane,  about  the  same  as  plats  Nos.  3  or  4. 
Plat  22.  Very  good  cane,  better  than  plat  No.  21. 
Plat  23.  Very  good  cane,  better  than  plat  No.  22. 
Plat  24.  Very  poor  cane;  short,  yellow. 

Tablb  IX. — General  condition  of  Field  B,  October  20y  1902. 


Plat 
No. 


No.  of 

8talk8.a 


1 

454 

2 

478 

3 

496 

4 

456 

5 

642 

6 

451 

7 

481 

8 

461 

9 

437 

IP 

414 

11 

398 

12 

389 

13 

397 

14 

340 

15 

493 

16 

392 

17 

377 

18 

423 

19 

436 

20 

390 

21 

335 

22 

377 

23 

360 

24 

262 

General  condition  of  cane. 


Heavy  cane,  much  better  than  Field  A,  plat  No.  1. 

Very  heavy  cane,  about  the  same  as  plat  No.  1. 

Very  heavy  cane,  trifle  heavier  than  plat  No.  2. 

Very  heavy  cane,  about  the  same  as  plat  No.  3. 

Very  heavy  cane,  heavier  than  plat  No.  4;  badly  twisted. 

Qood  cane,  only  fair  stand,  stalks  smaller  than  plat  No.  5. 

Heavy  cane,  but  stalks  smaller  than  plat  No.  4. 

EUither  heavy,  larger  stalks  than  plat  No.  7. 

Not  as  good  stand  nor  cane  as  plats  Nos.  7  and  8. 

Cane  good,  about  the  same  as  plat  No.  9. 

Fftir  cane,  about  the  same  as  plat  No.  10. 

Only  fair  cane,  about  the  same  as  plat  No.  11. 

Good  cane,  much  better  than  plat  No.  12. 

Very  poor  cane,  short;  light  stand,  but  little  better  than  plat 

No.  24. 
Very  heavy  stand,  tall  cane,  fair  diameter;  too  thick,  too  much 

phosphoric  a(;id. 
Good  cane,  large  diameter,  fair  height;  not  as  good  as  plat 

No.  15. 
Good  cane,  about  the  same  as  plat  No.  16. 
Very  good  cane,  nearly  as  good  as  plat  No.  15. 

Do. 
Good  cane,  fair  stand. 
Good  cane,  poor  stand. 
Good  cane,  stand  uneven. 
Good  cane,  not  as  good  as  plats  Nos.  1  and  2. 
Poor  stand  of  cane,  a  trifle  better  than  plat  No.  24,  Field  A. 


a  Number  of  stalks  of  fair-sized  cane  in  middle  row  of  each  plat. 

Observations  on  Field  B,  October  30,  1902. 

The  deatl  leaves  were  hardly  halfway  up  on  the  cane. 

Plat  1.  Very  heavy  cane,  good  stand. 

Plat  2.  Perhaps  trifle  heavier  than  plat  No.  1. 
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Plat  3.  About  the  same  as  plat  No.  2. 

Plat  4.  About  the  same  as  plat  No.  2. 

Plat  5.  Very  heavy  cane,  perhaps  a  trifle  heavier  than  plat  No.  4;  badly  twisted 
and  down,  worse  in  that  respect  than  plat  No.  4. 

Plat  6.  Heavy  cane,  but  rather  poor  stand;  shows  injurious  effect  of  large  amount 
of  guano  in  drills. 

Plat  7.  Extra  heavy  eane,  heavier  than  plats  Noe.  3  and  4;  large  stalks,  rather 
badly  twisted. 

Plat  8.  About  the  same  as  plat  No.  7. 

Plat  9.  Very  good  cane,  about  the  same  as  plat  No.  1. 

Plat  10.  Same  as  plat  No.  9. 

Plat  11.  Good  cane,  fair  stand,  cane  perhaps  trifle  better  than  plat  No.  10. 

Plat  12.  Only  fair  cane,  poor  stand,  not  as  good  as  plats  Nos.  9  and  10;  shows  need 
of  some  fertilizing  element. 

Plat  13.  Good  cane,  much  better  thah  plat  No.  12;  stalks  of  good  size;  shows  need 
of  but  little  ammonia. 

Plat  14.  Fair  cane  only,  not  as  good  as  plat  No.  13,  about  the  same  as  plat  No.  12; 
shows  need  of  another  fertilizing  element. 

Plat  15.  Very  heavy  stand,  tall  cane,  stalks  of  small  diameter  and  joints  long,  due 
to  rapid  growth  (?).  Yield  will  probably  not  be  greater  than  that  of  plats  Nos.  5 
and  7. 

Plat  16.  Very  heavy  cane,  large  diameter,  good  height  but  not  as  tall  as  plat  No. 
15,  faii*stand. 

Plat  17.  Very  good  cane  and  stand;  diameter  yield  will  be  better  than  plat  No.  16 
and  nearly  as  good  as  plat  No.  15. 

Plat  18.  Very  good  cane,  about  the  same  as  plats  Nos.  3  and  4. 

Plat  19.  Seems  to  be  a  trifle  better,  heavier  cane  than  on  plat  No.  18. 

Plat  20.  Cane  fair  to  good;  fair  stand. 

Plat  21.  Very  good  cane  but  poor  stand,  cane  about  as  plats  Nos.  3  and  4;  yield 
hardly  as  large. 

Plat  22.  Very  good  cane,  fair  stand;  about  the  same  as  plats  Nos.  3  and  4. 

Plat  23.  Very  g(XKi  cane,  about  the  same  as  plats  Nos.  1  and  22;  no  better  than 
plot  No.  22.    Can  see  no  advantage  in  mixing  guano  with  soil  before  planting. 

Plat  24.  Poor  cane,  poor  stand,  but  better  than  plat  No.  24,  Field  A. 

COMPOSITION   AND  COST  OF   FERTILIZERS. 

The  composition  of  the  samples  of  fertilizei's  received  from  Mr. 
Roddenbery  were  analyzed  in  this  Bureau  with  the  following  results: 

Table  X. — Analyses  of  ferlUizers. 


Serial 
No. 


Variety. 


23991 
23992 
28993 
23994 


Acid  phosphate  . . . 
Acid  phosphate  a . . 
Cotton-seed  meal. . 

Nitrate  of  f«oda 

Kainit 

Muriate  of  potash . 
Normal  b 


soluble. 'soluble,    able,  i  ^°^*- 


Phosphoric  acid. 


Water  Citrate '  Avail 


Per  ct. 
10.27 
15.14 


PercL 
3.09 
2.82 
1.32  I 


Pcret. 

13.36 

17.96 

1.95 


11.95 


Perct. 
15.30 
18.16 
2.63 


Potash. 

(KsO.) 


Perct. 


1.82 
1.62 
12.49 
60.72 
5.58 


Nitro- 

Ammo- 
nia. 
(NH,.) 

Perct. 

Perct. 

0.13 

0.16 

.17 

.21 

6.54 

7.94 

13,93 

16.91 

.02 

.03 

3.53 

n  Used  in  composition  of  normal  fertilizer. 


{» Calculated. 
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In  the  following  table  is  given  the  cost  per  ton  of  the  different  ferti- 
lizers mentioned  in  Table  X  and  the  cost  per  pound  of  the  principal 
fertilizing  elements  contained  therein.  In  Table  XII  will  be  found  the 
cost  of  the  various  mixtures  as  applied,  per  acre. 

Table  XI. — Cod  of  fertilizers. 


Fertiliser. 


Add  phosphate  (16  per  cent). 
Acid  phosphate  (18  per  cent) . 

Sodium  nitrate 

Mnriate  of  potash 

Cotton-seed  meal 

Cotton  seed 

Kalnit 


Cost  per 
ton. 


DoUars. 
12.50 
11.80 
48.00 
45.00 
23.50 
16.66 
13.50 


Amount  of  principal  fertil- 
izing elements  per  ton. 


Kind. 


Phosphoric  acid.. 

....do 

Nitrogen 

Potash 

Nitrogen 

....do 

Potash 


Quantity. 


Cost  of 
principal 
fertilizing 
elements 
per  pound. 


Winds. 

Cents. 

359 

3.5 

267 

4 

338 

14.2 

1,014 

4.4 

168. « 

14.8 

76 

21 

258.8 

5.2 

In  the  above  table  it  will  be  noted  that  in  estimating  the  cost  of 
the  fertilizing  elements  per  pound  only  the  principal  one  has  been 
selected  and  the  whole  cost  of  the  fertilizer  charged  to  that.  This  is 
of  course  an  unobjectionable  method,  provided  the  fertilizer  contains 
only  one  element,  as  was  the  case  with  the  acid  phosphates  of  kainit  and 
muriate  of  potash  above  mentioned.  In  the  case  of  cotton-seed  meal 
the  phosphoric  acid  and  the  potash,  however,  are  worth  something, 
and  hence  the  value  of  these  should  be  deducted  from  the  total  expense, 
and  their  value  should  not  be  charged  to  the  nitrogenous  element  alone. 
In  making  this  change  we  find  that  the  cotton-seed  meal  contained  1.82 
per  cent  of  potash,  or  36.4  pounds  per  ton,  which,  at  6  cents  per  pound, 
amounts  to  $1.82.  The  cotton-seed  meal  contained  also  1.96  per  cent 
of  available  phosphoric  acid,  which,  at  4  cents  per  pound  and  39.2 
pounds  per  ton,  amounts  to  $1.57.  Potash  and  phosphoric  acid 
together,  therefore,  are  worth  $3.39.  Deducting  this  from  the  price 
per  ton  of  cotton-seed  meal,  namely,  $23.50,  we  find  the  value  of  the 
nitrogenous  element  to  be  $20.11.  Dividing  this  by  the  number  of 
pounds  of  nitrogen  reckoned  as  ammonia,  namely,  158.8,  we  find  the 
price  of  the  ammonia  to  be  12.6  cents  per  pound. 

In  deteimining  the  cost  of  phosphoric  acid  and  potash  per  unit  it 
will  be  seen  that  the  high-grade  fertilizers  furnish  these  elements  at  a 
cheaper  rate  than  the  low  grade.  For  instance,  the  guaranteed  16  per 
cent  acid  phosphate  supplies  phosphoric  acid  at  3i  cents  a  pound,  while 
the  guaranteed  13  per  cent  available  phosphoric  acid  supplies  this  ele- 
ment at  ^'Cents  per  pound.  It  will  be  noticed  in  both  cases  that  the  acid ' 
phosphates  were  above  the  guarantee  in  available  phosphoric  acid,  one 
being  0.86  per  cent  and  the  other  1.96  per  cent  above  the  guarantee. 
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COMPARISON  OF   AGBXCUI^TURAL  AND  CHEMICAL  DATA. 

A  .summary  of  the  agricultural  and  chemical  data  obtained  in  the 
fertilizer  experiments  are  given  in  Table  XII.  The  analytical  results 
in  this  table,  as  well  a^  the  figures  given  on  the  cane  juices  throughout 
the  reports  of  the  special  agents  in  Part  II,  were  obtained  by  the 
assistants  in  the  sugar  laboratory  of  this  Bureau  working  under 
the  direction  of  Mr.  G.  L.  Spencer,  the  sucrose  and  purities  having 
been  determined  by  A.  Wilbur  Bache  and  the  reducing  sugars  by 
H.  W.  Houghton. 

The  practical  result  of  the  experiment  that  would  naturally  be  con- 
sidered first  is  the  tonnage.  This,  however,  is  not  an  absolute  standard, 
as  a  study  of  the  chemical  data  in  connection  with  the  tonnage  will 
show,  the  former  being  of  the  greatest  importance  in  sirup  making 
in  so  far  as  quality  is  concerned.  A  glance  at  the  analytical  data  will 
show  that  the  juices  coming  from  the  cane  of  Field  A  were  very 
distinctly  superior,  both  in  sugar  content  and  in  puYity,  to  the  juices 
obtained  from  the  cane  of  Field  B.  It  is  evident,  therefore,  that  a 
higher  grade  of  sirup  would  be  made  from  the  cane  grown  on  Field  A. 
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This  better  quality  of  sirup  would  naturally  command  a  better 
price  in  the  market;  therefore  the  actual  financial  difference  m  the 
results  between  the  two  fields  would  not  be  so  great  as  would  appear 
from  a  study  of  the  tonnage  data  alone.  In  comparing  the  yields 
from  Fields  A  and  B  it  must  not  be  forgotten  that  the  actual  fertility 
of  Field  B  is  greater  than  Field  A,  because  it  has  been  a  shorter  time 
under  cultivation,  and  in  addition  to  this  the  crop  in  Field  B  was  pre- 
ceded by  a  leguminous  crop,  a  nitrogen  gatheier  which  was  plowed 
under,  thus  adding  a  large  amount  of  available  nitrogen  to  the  suc- 
ceeding crop.  In  Field  A,  on  the  contrary,  sweet  potatoes  had  been 
grown,  and  this  crop  adds  nothing  to  the  fertility  of  the  soil,  but 
rather  tends  to  diminish  it. 

The  basic  data  for  cx)mparison  are  found  in  Plat  24,  to  which  no 
fertilizer  was  applied.  The  yield  of  cane  per  ton  on  this  plat  was  9.12 
tons  in  Field  A  and  12  tons  in  Field  B.  It  is  to  be  regretted  that  one 
or  two  additional  check  lots  were  not  provided,  since  the  difference  in 
yield  in  the  two  plats  24  in  Fields  A  and  B  is  not  so  great  as  one 
would  expect.  In  other  words,  although  Fields  A  and  B  were  treated 
exactly  alike,  if  you  should  add  only  3  tons  per  acre  to  the  yield  of 
Field  A  3'ou  would  not  reach  the  yield  of  Field  B  in  man}^  instances. 
This  fact  leads  to  the  inevitable  conclusion  either  that  the  two  plats  24 
in  each  field  do  not  afford  a  sufficient  comparison,  or  else  the  previous 
treatment  of  Field  B  made  it  unusually  well  adapted  to  utilize  to  the 
very  best  advantage  the  plant  foods  added  in  the  fertilizer.  In  another 
experiment  there  should  be  at  least  four  unfertilized  plats  in  each 
field. 

Without  going  over  the  data  in  detail  it  will  be  interesting  to  com- 
pare the  yields  per  acre  on  the  plats  which  were,  treated  with  the  same 
amount  of  fertilizer,  but  applied  differently,  namely,  1,  2,  3,  and  4; 
5,  6,  7,  and  8;  and  9  and  10.  It  will  be  evident  at  once  that  the  nor- 
mal fertilizer  suggested  is  the  best  combination  of  fertilizing  material 
with  which  experiments  were  made.  The  yields  per  acre,  the  per- 
centage of  sugar,  and  the  purity  of  the  juice  are  the  data  on  which  our 
judgment  must  be  based. 

On  Field  A  with  1,200  pounds  of  normal  fertilizer  the  average  yield 
was  20.12  tons  per  acre  on  plats  Nos.  1  to  4,  inclusive.  On  plats  Noe. 
5  to  8,  inclusive,  with  2,000  pounds  of  the  normal  fertilizer  we  see 
that  the  average  yield  was  22.96  tons  per  acre,  while  on  plat  No.  24, 
to  which  no  fertilizer  was  applied,  the  yield  was  9.12  tons  per  acre. 
These  data  show  that  on  Field  A  the  application  of  the  normal  ferti 
lizer  more  than  doubled  the  yield  when  applied  at  the  rate  of  1,200 
pounds;  while  with  the  use  of  2,000  pounds  per  acre  the  yield  was 
increased  almost  exactly  162  per  cent.  Where  the  application  dropped 
to  800  pounds  per  acre  the  average  yield  was  also  very  satisfactory, 
being  almost  exactly  double  the  yield  without  fertilizer.  The  appli- 
24060— No.  75—03 2 
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cation  of  the  fertilizer  on  plat  No.  11  was  less  efBeacious,  while  the 
fertilizers  on  plats  Nos.  12,  13,  and  14  were  still  less  remunerative. 
Plats  Nos.  15,  16,  and  17,  however,  gave  good  results;  plats  Nos.  18 
and  19  fair  results;  plat  No.  20  poor  results;  and  plats  Nos.  21,  22, 
and  23  also  good. 

Plats  Nos.  12,  13,  and  14  perhaps  are  the  most  instructive  in  Field 
A,  for  they  show  that  a  complete  fertilizer  is  absolutely  necessar}^  to 
give  the  best  results.  To  plat  No.  12  no  potash  was  added,  to  plat  No. 
13  no  nitrogen,  and  to  plat  No.  14  no  acid  phosphate.  The  most 
striking  feature  of  this  part  of  the  experiment  is  that  nitrogen  is 
shown  to  be  the  most  deficient  element  in  the  soil  of  Field  A,  since 
when  no  nitrogen  was  added  the  yield  per  acre  was  only  a  little  above 
1  ton  more  than  when  no  fertilizer  was  added.  The  next  most  impor- 
tant plant  food  to  the  crop  is  potash,  and  the  third  phosphoric  acid. 

Turning  to  Field  B,  we  find,  of  course,  a  different  condition  of 
affairs,  for  in  that  field  a  natural  fertility  of  the  soil  exists.  On  plats  Nos. 
12, 13,  and  14  good  crops  were  grown,  showing  that  no  fertilizing  ele- 
ment was  altogether  absent.  In  the  blank  plat  the  yield  was  about  33 
per  cent  higher  than  in  Field  A.  The  fertilizers,  as  a  rule,  give  larger 
results  on  Field  B  than  on  Field  A.  For  instance,  l-,200  pounds  on 
plats  Nos.  1  to  4,  inclusive.  Field  B,  produce  an  average  yield  of  27.81 
tons  per  acre — that  is,  an  increased  average  yield  of  15.81  tons  per 
acre — while  on  plats  Nos.  5  to  8,  2,000  pounds  of  normal  f  ei-tilizer  pro- 
duce an  average  yield  of  81.87— that  is,  an  increased  yield  of  19.87 
tons  per  acre.  In  Field  B  it  is  also  seen  that  the  800  extra  pounds  of 
normal  fertilizer  applied  to  plats  Nos.  5  to  8,  inclusive,  produced  a 
yield  of  nearly  4  tons  per  acre  in  excess  of  the  yield  of  plats  Nos.  1  to  4 
with  1,200  pounds  of  fertilizer.  If  we  value  the  cane  at  $3  per  ton, 
the  800  pounds  of  fertilizer  produced  an  increase  of  crop  worth  $12 
per  acre. 

In  addition  to  the  fertilizers  mentioned,  barnyard  manure  is  very 
much  prized  by  cane  growers,  and  it  gives  much  better  results  than 
would  be  expected,  judging  from  its  chemical  analysis.  This  is  doubt- 
less due  to  the  mechanical  changes  which  the  organic  matter  produces 
in  the  soil  and  to  the  introduction  of  the  organisms  causing  fermenta- 
tion and  decomiK)sition,  which  quickly  form  considerable  quantities  of 
humus,  a  constituent  in  which  the  sandy  soil  is  particularly  deficient. 
The  growth  of  velvet  l)eans,  which  are  either  plowed  under  or  used  as 
a  pasture  by  stock,  is  also  found  in  many  instances  to  give  beneficial 
effects. .  The  velvet  bean  being  a  leguminous  crop,  it  would  naturally 
become  a  nitrogen  gatherer,  and  when  the  crop  is  plowed  under  in  the 
course  of  time  it  also  tends  to  add  a  considerable  quantity  of  humus 
to  the  soil. 

It  is  evident  that  in  so  far  as  the  artificial  fertilization  of  ordinary 
sandy  soils,  of  which  Fields  A  and  B  are  types,  is  concerned,  the 
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mixture  characterized  as  normal  fertilizer,  and  consii^tin^  of  acid 
phosphate,  cotton-seed  meal,  nitrate  of  soda,  and  muriate  of  potash, 
affords  the  best  financial  returns. 

In  regard  to  the  quantities  to  be  used,  the  results  of  the  experiments 
show  conclusively  that  from  800  to  1,200  pounds  per  acre  will  yield  the 
best  financial  results.  While  a  larger  crop  is  secured  on  the  poorer 
soils  by  the  use  of  2,000  pounds  of  this  mixture  to  the  acre,  the 
increase  does  not  justify  the  additional  cost  of  the  fertilizing  materials. 

Perhaps  the  most  striking  result  based  upon  the  data  obtained  from 
the  plats  of  the  two  fields  is  shown  in  the  fact  that  the  large  quantity 
of  nitrogen  made  available  by  plowing  under  the  crop  of  velvet  beans 
on  Field  B  can  not  be  fully  assimilated  by  the  growing  crop  unless 
the  other  essential  plant  foods  are  supplied.  As  has  been  mentioned 
before,  in  the  unfertilized  plat  of  Field  B  the  yield  of  cane  was  a  little 
less  than  3  tons  greater  than  on  the  unfertilized  plat  of  Field  A.  If, 
however,  the  other  essential  elements  of  plant  food  are  supplied  the 
increased  yield  due  to  the  presence  of  the  decaying  velvet  beans  is  at 
once  apparent.  On  plat  No.  12  of  Field  B  we  find  that  720  pounds  of 
acid  phosphate  were  used  and  a  yield  of  19.76  tons  were  secured, 
which  is  7.76  tons  above  the  yield  of  the  unfertilized  plat  No.  24. 
In  plat  No.  13,  where  720  pounds  of  acid  phosphate  and  120  pounds 
of  muiiate  of  potash  per  acre  were  employed,  the  yield  is  24.4  tons, 
being  12.4  tons  in  excess  of  the  yield  of  plat  No.  24.  On  plat  No.  14, 
where  120  pounds  of  muriate  of  potash  were  used,  and  no  acid  phos- 
phate, the  yield  was  18.8  tons,  being  6.8  tons  above  the  yield  of  plat 
No.  24.  On  plats  Nos.  12  and  14  a  considerable  quantity  of  nitrogen 
was  used  in  the  fertilizer,  while  in  plat  No.  13  no  additional  nitrogen 
was  used.  The  data  from  these  three  plats  show  very  conclusively 
that  the  velvet  beans  supplied  practically  all  the  nitrogen  necessary 
to  produce  a  large  crop.  Nevertheless,  on  compa,ring  plats  Nos.  12 
to  14,  inclusive,  with  plats  Nos.  1  to  4,  inclusive,  it  is  seen  that  where 
all  the  essential  plant  foods  are  present  the  addition  of  an  increased 
amount  of  nitrogen  shows  a  considerable  increase  in  the  yield. 

In  plats  Nos.  18  and  19  a  comparison  is  made  of  the  utility  of 
nitrogen  in  the  form  of  cotton-seed  meal  and  in  the  form  of  nitrate  of 
soda;  the  quantity  of  phosphoric  acid  and  potash  applied  to  these  two 
plats  were  as  nearly  the  same  as  possible — that  is,  the  phosphoric 
acid  and  the  potash  in  the  cotton-seed  meal  added  to  that  given  as  acid 
phosphate  and  muriate  of  potash  would  make  the  quantities  of  these 
two  fertilizing  elements  in  plat  No.  18  the  same  as  those  added  to  the 
fertilizer  applied  to  plat  No.  19.  The  results  of  the  experiments  show 
that  there  is  practically  no  difference  in  the  availability  of  the  nitrogen 
applied  as  cotton-seed  meal  and  as  nitrate  of  soda,  the  tonnage  in  the 
plats  compared  being  almost  identical  in  Field  B.  In  plats  Nos.  20  and 
21  a  comparison  is  made  between  the  nitrogen  in  cotton-seed  meal  and 
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in  cotton  seed.  The  quantities  of  nitrogen,  phosphoric  acid,  and  potash 
applied  on  the  two  plats  were  practically  the  same.  In  this  case  it 
appears  that  nitrogen  in  the  form  of  cotton  seed  was  more  effective 
than  in  the  form  of  cotton-seed  meal.  Additional  data,  however, 
would  be  required  before  asserting  positively  that  such  is  the  case. 
In  plats  Nos.  22  and  23  a  comparison  is  made  between  the  value  of 
potash  as  kainit  and  potash  as  muriate.  The  data  obtained  show  that 
there  is  no  difference  in  the  availability  of  the  potash  in  these  two 
forms.  In  plat  No.  11  a  fertilizer  was  employed  in  which  the  phos- 
phoric acid  and  potash  was  supplied  from  low-grade  materials  instead 
of  the  high  grade  as  used  in  preparing  the  normal  fertilizer.  The 
result  of  this  one  test  is  not  definite,  but  seems  to  indicate  that  it  is 
advisable  to  use  a  higher  grade  material. 

EFFECT  OF  HOIL  AND   FERTILIZERS  ON  THE  CHEMICAL  COMPOHITION   OF  THE  CANS. 

The  principal  effect  which  the  soil  has  upon  the  crop  is  shown  in 
the  quantity  which  is  produced.  It  is  well  known,  however,  that  the 
character  of  the  soil  also  influences  to  a  greater  or  less  extent  the 
chemical  composition  of  the  crop.  Crops  which  are  grown  in  a  very 
fertile  soil  are  usually  coarser  in  texture  than  those  grown  in  one  less 
fertile.  If,  therefore,  we  are  seeking  for  a  particular  flavor,  taste,  or 
character  of  product  it  is  to  be  remembered  that  the  fertility  of  the 
soil  has  an  influence  of  quite  a  marked  character  in  many  of  these 
particulars.  If  we  examine  the  quantity  of  sugar  contained  in  the 
cane  grown  on  plat  No.  24  of  Field  A,  we  find  that  the  juice  of  the 
cane  contained  15.72  per  cent  of  sucrose  and  0.44  per  cent  of  reducing 
sugar  with  a  purity  of  91.4  per  cent.  This  typical  composition  of  the 
juice  is  shown  by  all  the  crops  on  Field  A.  It  is  a  remarkable  show- 
ing of  purity  and  high  sucrose  content  with  a  low  reducing  sugar 
content.  The  quantity  of  sugar  in  these  canes  and  the  purity  of  their 
juices  compare  favorably  with  the  data  obtained  from  sugar  canes 
grown  under  favorable  conditions  in  the  Tropics.  In  fact,  it  appears 
that  the  purit}'^  is,  as  a  rule,  higher  than  that  of  the  juices  of  tropical 
sugar  canes.  The  effect  of  the  fertilizer  on  Field  A  is^  not  very  marked 
in  so  far  as  variations  in  chemical  composition  are  concerned. 

Twelve  of  the  fertilized  plats,  viz,  Nos.  1,  4,  5,  13,  14,  15,  17, 18, 
20,  21,  22,  and  23  have  a  higher  content  of  sugar  than  plat  No.  24,  and 
the  other  eleven  have  a  lower  sugar  content. 

In  regard  to  the  purity  of  the  juices,  seven  of  the  fertilized  plats, 
viz,  Nos.  1,  5,  14,  15,  18,  21,  and  23,  have  a  higher  purity  than  plat 
No.  24,  and  the  others  a  lower  purity.  In  this  enumeration  plat 
No.  13  is  excluded,  since  the  number  expressing  the  purity  as  recorded 
is  evidently  an  error  and  the  data  are  not  at  hand  to  ascertain  the 
magnitude  of  the  mistake. 

In  regard  to  reducing  sugar,  ten  plats,  viz,  Nos.  2,  5,  6,  7,  8,  9,  12, 
15,  16,  and  19,  have  a  larger  amount  than  plat  No.  24.     Four  have 
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the  same  amount,  viz,  Nos.  3,  10,  22,  and  23,  and  the  others  a  smaller 
quantity. 

It  is  seen  that  the  general  effect  of  the  added  fei*tilizers  on  the  com- 
position of  the  juices  is  unimportant.  If  we  compare,  on  the  other  hand, 
the  character  of  the  canes  in  Field  B  with  plat  24  of  Field  A,  we  see 
at  once  a  marked  inferiority  in  the  juices.  This  is  shown  both  in  the 
lower  content  of  sucrose,  a  higher  content  of  reducing  sugar,  and  a 
lower  purity.  Not  one  of  the  plats  in  Field  B  produced  a  juice  having 
as  high  sugar  content,  as  small  a  quantity  of  reducing  sugar,  or  as  high 
purity  as  the  juice  of  the  cane  on  plat  24  of  Field  A. 

Inasmuch  as  the  same  quantities  of  fertilizers  were  added  to  Field  A 
and  ^ield  B,  the  conclusion  is  evident  that  the  inferior  character  of  the 
cane  grown  on  Field  B  was  due  to  the  comparative  newness  of  the  soil 
and  to  the  influence  of  the  heavy  crop  of  velvet  beans  plowed  under 
during  the  previous  season.  It  is  not  to  be  inferred  from  the  above 
that  the  chemical  character  of  the  canes  grown  on  Field  B  was  low;  on 
the  contrary,  they  are  of  quite  an  excellent  composition,  both  in  con- 
tent of  sugar  and  in  purity  of  juice.  The  inferiority,  therefore,  is  in 
their  comparison  with  the  canes  grown  on  Field  A.  The  logical  con- 
clusion to  be  drawn  from  this  discussion  is  that  the  large  excess  of 
available  nitrogen  and  organic  nitrogenous  matter  in  the  soil,  while 
tending  to  produce  a  large  crop,  also  has  a  decided  tendency  to  diminish 
the  excellence  and  purity  of  the  product.  It  would  be  quite  logical  to 
infer  from  the  above  data  that  the  canes  grown  on  Field  A  would 
make  a  better  quality  of  sirup,  having  a  brighter  color,  and  bringing 
a  larger  price  in  the  market  than  that  yielded  by  the  same  weight  of 
canes  grown  on  Field  B. 

SUMMARY  OF  RESULTS. 

(1)  Velvet  beans  have  a  high  value  as  a  fertilizing  agent,  but  this 
value  reaches  its  maximum  only  when  other  essential  elements  of  plant 
food  other  than  nitrogen  are  applied  in  the  fertilizer. 

(2)  In  the  application  of  fertilizing  materials  it  is  far  better  not  to 
apply  the  whole  amount  at  the  time  of  or  before  planting,  but  to  apply 
a  part  of  the  fertilizer  at  the  time  of  planting  and  the  rest  at  intervals 
during  the  growing  season. 

(3)  In  regard  to  the  amount  of  the  fertilizer  to  be  applied  to  obtain 
the  best  financial  results,  it  appears  that  1,200  pounds  of  the  nonnal 
fertilizing  material  is  probably  the  best  amount  for  Field  A,  while  for 
Field  B  a  larger  amount  of  this  fertilizer  may  be  used.  It  is  plain, 
however,  in  this  case,  that  the  increased  amount  of  fertilizer  could  be 
more  profitably  secured  by  adding  larger  quantities  of  phosphoric  acid 
and  potash  and  a  smaller  quantity  of  the  nitrogenous  constituents.  On 
Field  A  there  was  a  profit  in  using  1,200  or  even  2,000  pounds  of  the 
fertilizer  per  acre  rather  than  800  pounds,  but  on  Field  B  there  was  no 
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profit  in  using  1,200  pounds  rather  than  800  pounds,  and  a  slight  profit  in 
using  2,000  instead  of  800.  In  general  it  may  be  said  that  on  land 
which  contains  a  high  percentage  of  fertilizing  materials,  as  found  in 
Field  B,  it  is  not  advisable  to  use  over  800  or  1,000  pounds  of  normal 
fertilizer  per  acre,  while  on  land  possessing  only  a  normal  natural 
fertility,  as  in  Field  A,  1,200  to  1,500  pounds  per  acre  of  normal  fer- 
tilizer may  be  used  to  advantage. 

(4)  It  is  evident  that  fertilizers  such  as  phosphoric  acid  and  potash 
which  contain  large  quantities  of  fertilizing  ingredients  give  better 
results  than  those  which  contain  small  quantities. 

(5)  Muriate  of  potash  apparently  gives  somewhat  better  results  than 
kainit,  especially  on  Field  A. 

(6)  Nitrate  of  soda,  upon  the  whole,  seems  to  be  a  more  satisfactory 
source  of  nitrogen  than  cotton  seed  and  cotton-seed  meal  at  practically 
the  same  cost. 

(7)  Sodium  nitrate,  however,  should  be  added  in  small  quantities  at 
a  time  and  at  rather  frequent  intervals  to  avoid  loss  by  leaching 
during  the  heavy  rains.  Cotton  seed  is  a  more  expensive  fertilizer 
than  sodium  nitrate  or  cotton-seed  meal. 

(8)  On  soils  represented  by  Field  A  more  nitrogen  is  needed  in  the 
fertilizer  in  proportion  to  the  potash  and  phosphoric  acid  than  on 
Field  B,  and  vice  versa. 

(9)  It  is  evident  that  excessive  amounts  of  any  single  fertilizing 
ingredient  are  inadvisable,  because  the  plants  can  not  assimilate  the 
excess.  The  ration  for  a  plant  should  be  carefully  balanced  to  meet 
the  requirements,  basing  the  character  of  the  fertilizer  on  the  amount 
of  available  plant  food  already  in  the  soil,  and  adding  to  the  fertilizer 
larger  quantities  of  the  elements  missing  in  the  soil  and  diminishing  in 
the  fertilizer  those  elements  which  are  abundant  therein. 

It  will  l>e  interesting  also  in  this  connection  to  note  the  conclusions 
reached  by  Mr.  Koddenbery  from  a  study  of  the  data  given  in  Table 
XII.  In  this  case  we  have  the  conclusions  deduced  by  a  practical  man 
of  affairs  illustrating  the  fact  that  such  scientific  data  have  an  imme- 
diate and  extremely  practical  value  when  placed  in  the  hands  of  a 
thinking  business  man,  though  he  may  not  be  a  scientist.  Mr.  Rod- 
denbery's  deductions  are  as  follows: 

CXJNCLrsiONH  ON   THR   FERTILIZER   EXPERIMBNT8. 

By  W.  B.   RODDENBERY. 

FIELD  A. 

(1)  A  high  percentage  of  nitrogen  assists  germination  and  favors  suck- 
ering.     Compare  plats  Nos.  5,  7,  8,  and  16  with  9, 10, 11, 13,  and  24. 

(2)  When  applied,  however,  in  the  furrow  with  seed  cane,  heavy 
fertilization  with  complete  fertilizers  prevents  germination.  See  plat 
No.  0  as  to  stand. 
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(3)  Nitrate  of  soda  is  a  better  source  of  nitrogen  than  cotton-seed 
meal  or  cotton  seed.    Compare  plat  No.  19  with  Nos.  11, 18, 20,  and  21. 

(4)  Cotton  seed  is  not  a  profitable  fertilizer  for  sugar  cane.  Com- 
pare plats  Nos.  20  and  21  with  Nos.  3,  7, 10,  and  23.  Cotton-seed  meal 
gives  $14  per  acre  more  profit  than  the  same  value  in  cotton  seed. 
Compare  plat  No.  18  with  plat  No.  20.  (In  all  estimates  of  profits 
cane  is  valued  at  $4  per  ton.)  Nitrate  of  soda  shows  $12  per  ton  more 
profit  than  the  same  value  in  cotton-seed  meal.  Compare  plat  No.  19 
with  No.  18. 

(6)  Two  applications  of  the  fertilizer  give  the  best  results. 

(6)  Doubling  potash  shows  no  gain  in  tonnage  over  that  given  by 
the  normal  fertilizer,  and  the  general  trend  of  the  experiments  indi- 
cates about  50  pounds  of  actual  potash  per  acre  as  being  the  most 
profitable  amount  for  this  soil. 

(7)  Doubling  nitrogen  shows  a  gain  of  3  to  3i  tons  per  acre  over  the 
tonnage  given  by  the  normal  fertilizer  and  about  $9  per  acre  more 
profit.  In  general,  the  experiment  indicates  65  pounds  of  nitrogen  per 
acre  as  the  most  profitable  proportion  for  this  soil,  the  source  of  the 
nitrogen  to  be  mainly  nitrate  of  soda. 

(8)  Doubling  phosphoric  acid  gives  no  gain  over  the  tonnage  given 
by  the  normal  fertilizer,  but  for  some  unknown  reason  shows  a 
decrease  of  H  tons  per  acre  and  a  gain  of  only  3i  tons  per  acre  over 
the  "no  phosphoric  acid"  plat.  No.  14.  In  general  the  experiments 
point  to  100  pounds  per  acre  of  phosphoric  acid  as  a  sufficient  amount 
for  this  land. 

(9)  All  the  results  indicate  that  the  following  formula  will  give  the 
fertilizer  most  suitable  for  a  land  like  Field  A: 

Pounds. 

12.5  per  cent  acid  phosphate 800  (100  pounds  phosphoric  acid  =  7. 7  percent). 

Ck)tton-seed  meal 1001,^^  ,      .. 

Nitmteofsoda. 3^)(>|(56  pounds  nitrogen  =4.2  per  cent). 

Muriate  of  potash 100  (50  pounds  actual  potash  =  3.8  per  cent). 

FIELD  B. 

(1)  No  special  effect  on  the  stand  was  noted  as  a  result  of  the  differ- 
ent fertilizers,  except  that  plat  No.  6  had  a  very  poor  stand  at  first; 
but  this  was  overcome  later  by  heavy  suckering,  which  was  probably 
the  result  of  a  large  application  of  nitrogen  to  this  plat. 

(2)  No  difference  was  noted  due  to  the  source  of  the  nitrogen, 
nitrate  of  soda  and  cotton-seed  meal  showing  the  same  tonnage. 

(3)  Cotton  seed  is  not  as  good  as  the  same  value  in  cotton-seed  meal. 
Compare  plats  Nos.  18  and  20. 

(4)  Two  applications  give  the  best  results. 

(5)  Doubling  the  potash  gave  no  gain  over  the  normal  potash  ration, 
and  the  general  trend  of  the  experiments  points  to  50  pounds  per  acre 
of  actual  potash  as  being  sufficient  on  a  soil  of  this  kind. 
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(6)  Doubling  the  nitrogen  gives  the  same  tonnage  as  the  "  no  nitro- 
gen "  plat3.  Compare  plats  Nos.  13  and  16,  both  of  which  give  4  tons 
less  per  acre  than  the  normal  ration.  The  general  trend  of  the  experi- 
ments points  to  the  need  of  a  ver}'^  small  application  of  nitrogen;  pos- 
sibly none  would  have  been  more  profitable,  but  20  pounds  per  acre  is 
certainly  sufficient. 

(7)  Doubling  the  acid  phosphate  gives  a  gain  of  13  tons  per  acre 
over  the  "no  acid  phosphate "  plat  and  a  gain  of  3  tons  over  the 
normal  ration.  In  general  the  heed  of  a  larger  application  of  phos- 
phoric acid  is  shown,  and  probably  about  200  pounds  of  this  fertilizer 
per  acre  would  be  the  most  profitable  proportion. 

(8)  All  results  indicate  that  the  following  formula  for  a  fertilizer 
would  give  the  best  results  on  such  land  as  Field  A,  on  which  a  hea^y 
growth  of  velvet  beans  had  been  grown  and  plowed  under  the  previous 
year: 

Pounds. 

12.5  per  cent  acid  phosphate 1,  dOO  (200  pounds  phosphoric  acid=ll.l  per  cent). 

Nitrate  of  soda 100  (nitrogen=l  per  cent). 

Muriate  of  potash 100  (50  pounds  actual  potash=2. 72  per  cent) . 
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BBP0ET8  OF  SPECIAL  AGENTS  OH  THE  STIOAE  nTDTISTET. 

INTRODUCmON. 

By  G.  L.  Spkncer,  CAk/"  o/"  Stigar  Ixiboratory. 

There  is  probably  not  a  State,  Territory,  nor  possession  of  the  United 
States,  with  the  exception  of  Alaska,  in  which  sirup,  or  a  semisolid 
product,  fonned  of  a  mixture  of  sugar  and  sirup,  is  not  manufactured. 
In  the  Northern  sirup  industry  this  product  is  obtained  from  sorghum 
cane  and  the  sap  of  the  maple  tree.  In  the  South  both  sorghum  and 
sugar  cane  are  used  in  sirup  manufacture.  An  additional  source  of 
sirup  is  maize  or  indian  corn,  from  which  large  quantities  of  glucose 
are  made.  This  branch  of  the  sirup  industry  and  maple  sirup  will  not 
be  considered  in  this  bulletin. 

The  extent  of  the  sirup  industry  is  indicated  by  the  following  data 
from  Bulletin  No.  237,  Agriculture,  Twelfth  Census: 

Of  the  total  area  devoted  to  sugar  cane,  exclusive  of  Hawaii,  the  South  Atlantic 
division  contained  47,223  acres,  or  12.2  per  cent,  of  which  55.2  per  cent  was  in  Georgia, 
and  the  South  Central  division  339,713  acres,  or  87.8  per  cent  of  the  total,  of  which 
Louisiana  contributed  81.5  per  cent.  There  were  50  acres  reported  from  Arizona  in 
the  Western  division.  The  increase  in  area  since  1889  in  the  South  Atlantic  division 
was  43.6  per  cent,  and  in  the  South  Central  division  40.3  per  cent. 

The  above  figures  indicate  that  comparatively  little  cane  is  grown  for 
sirup  making  except  in  Georgia,  Alabama,  Florida,  and  Mississippi, 
since  the  cane  in  Louisiana  and  Texas  is  almost  exclusively  employed 
in  sugar  manufacture. 

The  increase  in  the  South  Atlantic  division  of  43.6  percent  is  largely 
due  to  the  expansion  of  the  industry  in  Georgia.  The  Census  report 
cited  gives  the  total  number  of  gallons  of  sirup  produced  as  12,293,032, 
the  greater  part  of  which  was  consumed  as  table  sirup.  A  consider- 
able quantity  of  sirup  is  produced  in  Louisiana  and  sold  to  the  sugar 
factories.  There  are  no  data  in  the  Census  report  to  show  whether 
this  sirup  is  excluded  from  the  returns  for  table  sirup,  but  in  any 
event  these  figures  indicate  the  present  magnitude  of  the  cane-sirup 
industry.  The  Census  report  gives  the  following  additional  data  in 
regard  to  sorghum  sirup: 

In  1899,  446,621  farmers  produced  from  293,152  acres  1,911,046  tons  of  sorghum 
cane.  Of  this  they  sold  291,703  tons  and  from  the  remaining  product  manufactured 
16,972,783  gallons  of  sirup. 

Of  the  total  area  devoted  to  soiighum,  the  North  Atlantic  division  reported  126 
acres  and  the  South  Atlantic  54,152  acres,  or  18.5  per  cent  of  the  whole,  of  which 
Geoiigia  and  North  Carolina  together  contributed  69.4  per  cent. 
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The  North  Ceutral  division  contained  92,166  acres,  or  31.4  per  cent  of  the  whole, 
of  which  Kansas  and  Missouri  together  contributed  56.1  per  cent.  In  the  South 
Central  division  there  were  145,812  acres,  or  49.7  per  cent  of  the  whole,  of  which 
Alabama,  Arkansas,  Kentucky,  Mississippi,  Tennessee,  and  Texiu)  together  furnished 
88.1  per  cent.  The  Western  division  contained  896  acres,  or  0.3  per  cent  ot  the  whole, 
of  which  371  acres  were  in  Utah.  The  North  Atlantic  division  contained  0.1  per 
cent  of  the  total  acreage. 

There  was  a  decrease  in  area  since  1889  of  29.5  per  cent. 

From  these  figures,  showing  a  total  production  of  table  sirup  amount- 
ing to  29,265,815  gallons  from  cane  grown  by  more  than  500,000 
fanners,  the  importance  of  this  industry  and  its  extent  are  apparent. 
Louisiana  has  long  been  a  producer  of  a  favorably -known  sirup  tenned 
''open-kettle  molasses,"'  while  Georgia,  Florida,  and  other  Gulf  States 
have  lands  upon  which  cane  can  be  grown  that  produces  sirup  of  excep- 
tionally good  flavor.  The  agricultural  phase  of  the  industry  avS  it  is 
now  being  developed  in  this  section  of  the  country  is  illustmted  by  the 
following  reports  of  the  special  agents  who  have  during  the  past  year 
investigated  the  agri(*ultural  conditions  and  methods  now  existing. 

SUGAR-CANE  CULTURE  AT  CAIRO,  GA. 
By  Ralph  Hoaoland  and  R.  D.  Stubbh,  Special  Affcntn. 

Sirup  making  from  sugar  cane  is  the  important  industry  in  this  section,  there 
being  numerous  steam  factories  and  a  great  many  horsepower  mills  using  the  oj)en- 
kettle  process.  During  last  season,  October  1,  1901,  to  March  1,  1902,  10,777  barrels 
of  sirup  were  shipped  from  Cairo  (Plant  System),  while  over  the  whole  of  that 
railway  system  in  Georgia  only  16,618  barrels  were  shipped,  thus  showing  Cairo  to 
be  the  center  of  the  greatest  sirup-producing  section  in  the  State. 

In  consultation  with  Mr.  J.  B.  Wight,  president  of  the  Cane  (Jrowers*  Association 
of  Cairo,  the  following  points  were  decided  upon  for  study  and  investigation: 

(I )  Best  fertilizer  for  tonnage  of  cane. 
^2^  Best  fertilizer  for  sucrose  content. 

(3 1  Effect  of  potash  in  effecting  early  development  of  sucrose. 

(4)  Best  methcKl  of  application  of  fertilizers. 

(5)  Amount  of  fertilizer  that  can  be  profitably  used  per  acre. 

(6)  Difference  in  sucrose  content  at  time  of  full  development,  of  cane  fertilized 
with  acid  phosphate  and  potash  and  ammonia  in  excess,  and  of  cane  fertilized  with 
normal  fertilizer. 

(7)-Careful  noting  of  any  differences  that  may  appear  in  any  respect  in  cane  raised 
on  velvet-bean  land  as  compare<l  with  cane  on  potato  land. 

(S)  Differences  in  flavor  of  sirup  made  from  cane  receiving  different  fertilizers. 

(9)  Differences  in  purity  coefficients  of  cane  receiving  different  fertilizers. 

(10)  Determination,  by  measurement  and  weighing,  of  tonnage  jK'r  acre  in  various 
fields  to  obtain  the  average  yield  yter  acre.     (2)  To  determine  maximum  yield. 

(II)  Average  juice  extraction  at  various  mills  of  different  tyi^es. 
(12^  Fall  planting  of  cane. 

ns  I  Planting  of  tops. 

(14)  Best  method  of  saving  stubble. 

(15)  Variety  test«,  and  breo<ling  of  cane  to  increase  sucrose  content. 

(16)  Best  and  simplest  method  of  clarification  for  small  factories;  for  steam  fac- 
tories. 

(17)  Effect  of  sulphur  and  lime  upon  quality  of  sirup. 

The  comments  on  the  fertilizer  experiments  are  found  in  Part  I  of  this  bulletin, 
even  one  year's  work  l)eing  very  instructive  as  to  some  points,  while  in  regard  to 
others,  such  as  methods  of  planting,  cultivation,  saving  seed,  etc.,  several  years' 
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work  would  be  necessary  to  obtain  conclusive  results.  The  following  general  obser- 
vations, however,  on  these  points  may  be  of  interest: 

Nature  of  the  land, — ^The  land  is  cutover  pine  land,  of  which  the  surface  soil  is  a 
sandy  loam  and  the  subsoil  a  red  clay.  The  water  supply  is  quite  near  the  surface 
and  the  land  rather  level,  but  rolling  enough  to  give  good  drainage.  The  natural 
fertility  of  the  land  is  low  and  fertilizers  are  needed  for  all  crops,  even  on  new  land. 
Fields  which  have  been  long  in  cultivation  and  have  received  little  or  no  organic 
manures  do  not  respond  readily  to  heavy  applications  of  commercial  fertilizers,  thus 
showing  the  need  of  humus  in  the  soil. 

Varieties  of  cane  planied. — The  common  purple  cane  is  tlie  only  variety  planted 
extensively  here  for  commercial  purposes.  Some  green  and  ribbon  cane  is  gr^wn, 
but  it  is  not  as  well  liked  as  the  purple.  Mr.  Wight,  of  Cairo,  in  1902,  planted  two- 
thirds  of  an  acre  of  cane  known  as  No.  74,  sent  to  him  by  Dr.  W.  C.  Stubbs,  of  the 
Louisiana  Sugar  Experiment  Station.  This  variety  has  a  dark  green  color,  growing 
very  erect,  but  showing  in  this  experiment  no  increase  in  tonnage  over  purple  cane 
and  a  decrease  in  sucrose.  The  sirup  produced  from  this  cane,  while  clear  and  light 
in  color,  had  such  a  salty  flavor  that  it  was  not  deemed  advisable  to  can  it.  The  cane 
was  planted  on  high,  dry  land,  but  has  a  taste  as  though  grown  around  horse  lots, 
which  was  not  the  case. 

Dr.  Stubbs  in  writing  in  regard  to  the  experiment  with  this  cane  said: 

No.  74  is  one  of  our  seedling  canes,  grown  very  successfully  in  the  State.  It  is  of 
early  maturity,  fine  tonnage,  rich  in  sucrose,  a  good  soft  cane,  giving  an  extraction 
in  our  9-roller  mills  of  80  per  cent  I  would  not,  by  any  means,  take  the  first  deter- 
minations you  have  made  to  be  conclusive  in  regard  to  the  value  of  this  cane  in  your 
section.  I  believe  it  will  have  by  the  end  of  the  season  a  much  better  showing,  and 
on  account  of  its  excellent  properties,  besides  its  larger  sucrose  content,  it  is  a  cane 
greatly  to  be  desired. 

Experiments  with  this  variety  of  cane  will  be  continued  another  year.  In  com- 
XMuing  the  Georgia  and  Louisiana  cane.  Dr.  Stubbs  said  further: 

Your  canes  in  Georgia  are  richer  than  ours  here,  and  while  the  tonnage  is  much 
less,  the  manufacturer  has  less  difficulty  in  sugarhouses  in  evaporating  the  juice. 
When  sugar  returns  to  its  former  value  of  4  or  6  cents  a  pound,  Georgia  will  unques- 
tionably figure  in  manufacturing  sugar. 

A  stalk  of  ribbon  cane  11  feet  10  inches  long  was  brought  into  Cairo  on  December  9, 
1902,  by  M.  J.  Harrison. 

Preparation  of  land,  planting,  guckering,  etc. — The  preparation  of  the  land  for 
planting  is  begun  in  December,  immediately  after  the  harvesting  season.  Two 
and  three  horse  plows  are  generally  used  for  loosening  the  soil,  though  sometimes 
harrows  or  disk  plows  are  preferred.  After  the  land  is  thoroughly  broken  to  a 
depth  of  about  6  inches  it  is  bedded  into  rows  of  good  height,  4  or  5  feet  apart,  thereby 
securing  satisfactory  drainage  and  easy  cultivation.  The  middles  are  then  broken 
and  beds  opened  deep  with  a  long  scooter,  when  the  ground  is  ready  to  receive  the 
cane,  which  is  planted  about  April  1,  one  running  stalk  to  the  row.  The  cane  is  not 
covered  deep,  only  2  or  3  inches  of  soil  being  thrown  over  it.  The  row  is  raked  to 
break  the  crust,  if  any  be  formed,  which  offers  resistance  to  the  young  plants.  When 
the  cane  sprouts  a  scooter  furrow  is  run  over  each  side,  to  aid  in  the  (ievelopment  of 
suckers.  No  soil  is  thrown  back  until  there  is  a  sufl^cient  number  of  suckers  to 
insure  a  full  stand,  when  it  is  sided  with  sweeps.  The  question  of  suckering  is  very 
important,  and  presents  opportunity  for  further  investigation  as  to  the  best  time  to 
plant  cane  in  order  to  get  the  largest  number  o^  suckers,  and  how  to  cultivate  them 
that  they  may  be  vigorous  and  develop  quickly.  The  remaining  cultivation  is 
effected  with  a  weeding  hoe,  and  about  July  1  the  cane  is  laid  by  with  five  furrows 
to  the  row  with  a  broad  sweep. 

Fniilization, — Fertilization  is  necessary  to  the  growth  of  sugar  cane  in  this  section, 
and  it  is  the  most  complex  and  perplexing  problem  which  confronts  the  planter  of 
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southern  Geoi^ia.  Various  points  must  be  considered  in  selecting  a  fertilizer,  among 
them  the  resulting  tonnage,  sucrose  content,  and  quality  of  product,  in  connection 
with  the  cost  of  the  fertilizer.  For  instance,  a  fertilizer  giving  a  very  large  yield 
might  give  a  small  sucrose  content,  and  vice  versa.  It  must  also  be  determined 
whether  the  soil  most  needs  phosphoric  acid,  nitrogen,  or  potash,  what  amounts  of 
each  will  be  most  profitable,  and  what  is  the  best  time  and  method  for  applying  the 
fertilizer.  It  is  well  known  among  fruit  growers  that  potash  promotes  the  early 
ripeniifg  of  fruits,  and  the  question  arises  as  to  whether  the  analogy  would  hold  good 
for  sugar  cane,  causing  an  early  development  of  sucrose.  A  number  of  experiments 
along  these  lines,  made  at  Mr.  Roddenbery's  plantation,  are  given  in  detail  in  Part  I 
of  thi3  bulletin.  In  general,  however,  far  too  little  attention  is  paid  to  the  question. 
The  fertilizer  commonly  used  per  scte  is  from  15  to  25  bushels  of  cotton  seed  and  800 
pounds  of  guano,  having  about  the  following  composition:  9  per  cent  of  phosphoric 
acid,  2  per  cent  of  nitrogen,  3  per  cent  of  potash.  Laige  amounts  of  cotton  seed 
are  used  by  nearly  all  the  planters,  some  using  as  much  as  90  bushels  to  the  acre, 
although  25  bushels  is  the  usual  amount.  The  fertilizer  is  put  on  in  two  applica- 
tions— one  in  the  furrow  with  the  cane  and  the  other  in  drills  at  each  side  of  the  row 
later  on  in  the  summer.  In  using  cottonseed  and  guano  the  cottonseed  and  half  the 
guano  are  applied  in  the  drill  with  the  seed  cane,  while  the  remainder  of  the  guano 
is  applied  in  drills  later  in  the  season.  Barnyard  manure  or  compost  is  highly 
prized  as  a  fertilizer  for  cane,  and  gives  much  larger  returns  than  its  mere  fertilizing 
constituents  could  produce. 

It  is  not  only  necessary  that  fertilizers  be  used  during  the  cultivation  of  cane, 
but  some  form  of  humus  must  be  added  to  the  soil  continually  in  order  to  prevent  a 
decrease  in  the  fertility.  Two  l^umes  are  used  for  increasing  fertility,  viz,  velvet 
beans  and  cow  peas.  Vel  vet  bean  land  showed  a  distinct  superiority  over  rye  land  with 
the  same  amount  of  fertilizer  on  both,  and  when  plowed  under  as  a  green  manure  or 
pastured  off  by  stock  the  beans  undoubtedly  have  a  very  beneficial  effect  upon  the  land. 
Besides  adding  nitrogen  to  the  soil,  the  beans  probably  help  to  make  inert  plant 
food  available  through  the  addition  of  humus  to  the  soil,  as  does  barnyard  manure. 
The  question  arises,  however,  as  to  whether  cow  peas  can  not  be  more  profitably 
grown  for  this  purpose,  although  the  velvet  beans  may  add  somewhat  more  fertility 
to  the  soil.  The  beans  have  a  very  rank  growth,  and  can  be  used  for  feeding  purposes 
only  by  grazing,  causing  of  course  a  large  waste,  whereas  if  peas  are  planted  together 
with  com,  after  they  have  performed  their  function  of  supplying  nitrogen  to  the 
soil,  the  farmer  gathers  enough  to  plant  next  year's  crop,  and  probably  15  bushels 
of  com  per  acre.  Or  the  peas  may  be  sown  broadcast  and  mowed,  making  the  finest 
hay  obtainable.  The  question  of  obtaining  food  for  stock  confronts  the  farmers  of 
this  section,  as  the  land  naturally  furnishes  very  poor  pastures.  For  this  reason 
velvet  beans  are  used  on  only  a  few  of  the  extensive  plantations,  and  corn  and  peas 
are  generally  planted  for  an  **  upbuilder." 

In  regard  to  the  question  of  cottonseed  versus  cottonseed  meal,  w^hich  is  touched 
upon  under  fertilizer  experiments,  Mr.  Wight,  of  Cairo,  thinks  that  if  cottonseed 
meal  is  used  correctly,  in  proper  proportion  and  properly  applied,  better  results  can 
be  obtained  than  by  using  cottonseed.  Good  results  have  been  obtained,  however, 
by  using  the  seed  as  a  top  dressing  in  middles  when  cane  is  laid  by,  the  general 
opinion  among  the  farmers  being  that  cottonseed  makes  just  as  good  a  manure  after 
sprouting  as  before.  A  disadvantage  in  using  a  large  amount  of  seed  is  that  the  cane 
is  frequently  attacked  by  wood  lice.  This  can  be  prevented,  however,  by  mixing 
the  seed  with  guano  containing  phosphoric  acid  before  applying.  The  usual  amount 
of  cottonseed  applied  is  15  bushels  per  acre,  while  of  cottonseed  meal  400  bushels  per 
acre  is  used. 

While  drainage  is  not  a  question  with  the  south  Georgia  planter,  the  best  cultiva- 
tion during  a  drought  is  a  practical  issue,  and  here  again  fertilization  must  be  con- 


Digitized  by 


Google 


29 

sidered,  for  oftentimes  a  fertilizer  that  would  make  the  best  cane  if  there  were  plenty 
of  rain  would  ruin  the  crop  if  dry  weather  prevailed. 

Harvesting  of  cane, — Sirup  making  usually  fo^ns  during  the  latter  part  of  October. 
This  year  (1902)  grinding  generally  began  on  October  27,  although  some  small  mills 
started  a  week  or  ten  days  earlier.  Cutting  begins  when  the  juice  tests  about  8° 
Baum6  or  when  most  of  the  leaves  of  the  cane,  except  the  tuft  at  the  top,  are  dead. 
The  cane  is  stripped  a  short  time  before  cutting,  topped  and  cut  close  to  the  ground 
with  a  broad,  heavy  hoe.  The  patent  stripper  is  very  satisfactory  when  the  cane  is 
fairly  straight.  The  implement  generally  used  in  this  section  is  a  cane  stripper 
which  has  a  flattened  handle  about  3}  feet  long,  to  one  end  of  which  a  steel  spring  is 
attached  by  means  of  a  slide  bolt.  The  cane  is  pushed  through  the  opening  into 
the  oval  portion  of  the  spring  and  the  implement  pushed  down  the  stalk,  thus 
removing  the  leaves. 

The  top,  above  the  first  red  joint  in  the  case  of  the  purple  cane,  is  taken  off  with 
a  com  knife  just  before  the  cane  is  cut.  The  farmers  in  this  vicinity  make  no  use 
of  the  tops,  though  they  have  been  tried  for  seed  and  given  good  results,  the  cane 
from  them  giving  just  as  large  a  tonnage  and  as  much  sirup  as  cane  from  stubble. 

The  cane  is  cut  only  a  short  time  before  hauling  to  the  mill,  very  little  being  cut 
ahead.  Negroes  strip,  top,  cut,  and  pile  up  the  cane  at  convenient  distani;es  apart 
on  every  third  row  for  from  $3.76  to  $4.50  per  acre.  An  ordinary  wagon  is  used  for 
hauling,  and  two  large  hemp  ropes  are  laid  in  the  wagon  and  the  cane  placed 
straight  upon  them.  The  load  being  procured,  the  ropes  are  tied,  and  thus  you 
have  two  large  bundles  of  cane  on  the  wagon,  which  are  lifted  off  by  machinery  at 
the  mill  and  placed  in  position.  Mr.  T.  Wight's  two-horse  wagons  generally  haul 
from  1,200  to  2,000  pounds  of  cane  per  load. 

Cane  that  is  stripped  but  not  topped  and  left  standing  in  the  field  does  not  increase 
in  sucrose  any  more  rapidly  than  cane  that  is  not  stripped.  To  try  the  effects  of 
stripping  and  topping  the  cane  and  of  leaving  it  unstripped  and  untopped  before 
cutting,  samples  for  analysis  were  taken  under  the  following  conditions: 

A.  Samples  of  cane  stripped  ten  days  before  cutting,  and  topped  when  cut. 

B.  Samples  of  cane  topped  and  stripped  ten  days  before  cutting,  from  the  same 
plat  as  sample  A. 

C.  Sample  of  cane  stripped  and  topped  when  cut  from  the  same  plat  as  sample  A. 
B  3.  Samples  of  cane  stripped  and  topped  when  cut,  to  replace  sample  C,  which 

was  not  a  good  average  sample. 

The  canes  from  which  the  different  experiments  were  made  were  harvested  at 
Cairo,  6a.,  on  November  11, 1902,  and  analyzed  qa  soon  as  they  reached  Washington, 
D.  C.    The  analytical  data  obtained  on  these  samples  are  as  follows: 

Table  XIII. — Analyses  of  cavt's  harvesled  under  vanjing  conditio7i8. 


Sample. 

Sucrose. 
Percent. 

Purity. 

Reducing 
sugar. 

Per  cent. 

A. 

11.85 

80.6 

1.56 

B. 

11.85 

81.7 

1.21 

C. 

13.63 

83.1 

1.38 

B3. 

12.56 

79 

l.W 

From  these  data  it  is  seen  that  it  is  not  a  good  policy  to  strip  or  top  the  cane  before 
cutting.  Both  samples  A  and  B  were  inferior  to  samples  C  and  B  3,  and  markedly 
inferior  to  C.  Sample  C,  however,  is  not  regarded  as  a  typical  sample.  Samples  A 
and  B  were  superior  to  B  3  in  having  a  smaller  content  of  reducing  sugar  and  a 
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higher  purity.  This  superiority,  however,  is  only  from  a  chemical  point  of  view 
and  not  from  a  sirup-making  standpoint.  In  other  words,  a  sirup  made  from  sample 
B  3  would  be  leas  likely  to  granulate  than  a  sirup  from  samples  A  and  B.  The  total 
quality  of  sirup-making  materials  is  obtained  by  adding  together  the  sucrose  and  the 
reducing  sugar.  Judging  from  these  tests,  samples  C  and  B  3  are  positively  superior 
to  A  and  B 

Savitig  stubble  for  need  cane. — No  cane  is  planted  in  the  fall  in  this  vicinity,  as  first- 
year  stubble  usually  supplies  sufficient  seed  cane.  Many  planters  do  nothing  to 
save  stubble  and  hence  first-year  stubble  cane  is  very  uncertain,  and  at  best  but  a 
poor  crop.  Some  planters,  however,  save  the  seed  cane  in  the  following  way:  The 
cane  is  dug  up  by  the  roots  during  the  latter  part  of  October,  just  before  the  grinding 
season  begins,  placed  in  large  windrows  4  to  5  feet  wide  and  2  to  3  feet  deep,  the 
tops  of  the  cane  lapping  the  butte  and  covered  with  a  few  inches  of  dirt  from  two  or 
three  furrows  thrown  up  on  each  side  of  the  windrow.  Cane  so  stored  in  well-drained 
land  keeps  very  well  through  the  winter.  But  very  little  first  year  planted  cane  is 
used  for  seed.  In  saving  seed  cane  it  is  calculated  that  1  acre  of  good  cane  will  plant 
6  acres,  or  if  the  cane  is  short,  .5  acres. 

Data  on  Mr,  Pollys  farm. — Mr.  Polk  has  10  acres  of  excellent  purple  cane,  about  as 
good  a  stand  as  was  seen.  The  rows  were  5  feet  apart  and  the  cane  tall  and  heavy, 
but  rather  green.  The  land  has  been  in  cultivation  twenty  years,  but  has  been  well 
manured.  The  fertilizer  is  put  on  in  two  applications,  one  in  the  drill  at  planting 
and  one  in  June,  and  has  the  following  composition:  Thirty  bushels  of  cotton  seed 
per  acre;  400  pounds  of  guano  (1.88  per  cent  nitrogen,  11  {>er  cent  soluble  phosphoric 
acid,  2  per  cent  insoluble;  1  per  cent  of  potash).  This  fertilizer  costs  about  |22  per 
ton  retail,  or  $19  wholesale.  In  addition  4  loads  of  stable  manure  per  acre  were 
used.  Mr.  Polk  values  manure  very  highly  and  probably  the  fine  condition  of  the 
cane  was  laq^ly  due  to  its  use.  In  saving  seed  cane  furrows  are  plowed  from  each 
side  over  the  stubble  after  a  part  of  the  waste  has  been  burnt  off,  and  very  good 
results  have  been  obtained. 

Data  on  the  farm  of  Mr.  Vanlaruiinghani. — ^Three  and  three-quarters  acres  of  purple 
cane  were  planted  on  March  1,  1902,  from  which  a  yield  of  69.2  tons  was  obtained, 
an  average  of  18.5  tons  per  acre. 

The  fertilizer  used  per  acre  was  600  pounds  of  commercial  guano  (8  per  cent  phos- 
phoric acid,  4  per  cent  potash)  and  15  bushels  of  cotton  seed.  The  land  was  broken 
broadcast  and  bedded  into  rows  4}  feet  wide,  in  which  deep  furrows  were  opened 
and  the  cane  put  down  with  400  pounds  of  the  guano  mentioned  above  and  15  bush- 
els of  cotton  seed.  The  seed  were  sprinkled  down  "green"  in  the  drill  when  the 
cane  was  plantecl.  It  is  then  lightly  covered,  unless  the  season  is  very  dry,  when  it 
is  covere<l  deep.  The  row  is  run  over  with  a  l)oard,  or  better  with  a  rake,  thus  lev- 
eling off  the  uneven  spots.  The  cane  is  plowed  only  twice,  barred  off  with  a  sweep, 
and  no  soil  is  thrown  back  until  a  full  stand  of  suckers  is  obtained.  The  c^ne  is 
thinned  and  laid  by  when  shoulder  high  to  a  man  of  medium  height,  by  plowing 
five  furrows  to  the  row  with  a  large  sweep.  This  is  generally  done  about  July  1,  and 
Mr.  Vanlandingliam  thinks  that  cultivating  after  this  time  does  more  harm  than 
good,  as  it  injures  the  feed  roots. 

The  crop  was  sold  to  Mr.  Wight,  of  Cairo,  for  $3.75  per  ton.  Immediately  before 
harvesting  cane  for  planting  is  dug  up  with  tops  and  roots  and  placed  in  windrows  4 
to  5  feet  wide  with  butts  8  inches  apart  and  tops  overlapping  to  keep  the  dirt  from 
them.  The  soil  is  thrown  on  to  a  depth  not  exceeding  2^  inches,  as  Mr.  Vanlanding- 
ham  thinks  more  cane  is  lost  in  this  section  from  heat  than  from  cold,  the  cane  being 
covered  too  deep  in  the  windrows.  When  the  cane  is  dug  up  for  planting  it  is 
stripped,  topped,  and  cut  in  two  pieces,  so  that  if  a  piece  is  pulled  up  in  cultivating 
less  is  displaced. 

The  first  killing  frost  occurred  on  November  29,  and  as  there  had  not  been  enough 
frost  previous  to  that  date  to  stop  the  growing  of  the  cane,  the  stubble  had  sprouted 
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and  was  killed,  leaving  only  the  eyes  underground  tu  provide  the  stubble  cane  of 
the  next  season. 

Data  from  ike  farm  of  Mr.  J.  B.  Wight. — Mr.  Wight  planted  about  33  acres  with 
purple  cane  between  March  15  and  April  1.  The  cultivation  was  much  the  same  as 
that  already  described,  the  fertilizer  used  being  as  follows: 

Eight  hundred  pounds  of  guano  (9  per  cent  phosphoric  acid,  2  per  cent  of  ammo- 
nia, and  3  per  cent  of  potash),  at  $19  per  ton ;  300  pounds  of  cotton-seed  meal,  at  $23.40 
per  ton;  15  bushels  ot  cotton  seed,  at  25  cents  per  bushel.    Total  cost  per  acre,  $14.86. 

Four  hundred  pounds  of  guano  and  15  bushels  of  cotton  seed  were  put  in  the  drill 
when  the  cane  was  planted;  400  pounds  were  put  in  siding  furrows,  and  300  pounds 
of  meal  in  the  middle  when  the  cane  was  laid  by. 

The  following  estimates  as  to  the  profits  on  raising  sugar  cane  for  sirup  making  in 
southern  Geoi^gia,  involving  the  consideration  of  the  advisability  of  having  one  cen- 
tral mill  for  each  community  fitted  out  with  the  most  modem  machinery  procurable, 
are  taken  from  an  address  made  by  Mr.  Wight  before  the  fourth  annual  convention 
of  the  Association  of  Commissioners  of  Agriculture  of  the  Cotton  Growing  States,  held 
at  Nashville,  Tenn.,  in  August,  1902: 

Approximate  cost  of  bringing  1  acre  of  sugar  caiie  to  maturity  and  manufacturing  it 

into  simp. 

Seed  cane  to  plant  1  acre $10. 00 

Fertilizer 10. 00 

Cultivation  and  rent  of  land : 10. 00 

Stripping  and  hauling .* 10. 00 

Manufacturing  into  sirup 20. 00 

Thirteen  empty  barrels,  at  $1.10  each 14. 30 

Total  cost 74. 30 

Thirteen  barrels  of  sirup  (32  gallons  per  barrel),  at  25  cents  per  gallon 104. 00 

Profit  per  acre $29. 70 

In  case  the  farmer  has  no  mill  and  gets  a  neighbor  to  make  his  sirup,  the  cane 
grower  delivers  the  cane  at  the  mill,  the  mill  owner  bears  all  the  expense  of  manu- 
facturing, each  pays  for  the  barrel  to  hold  his  share  of  the  sirup,  and  the  owner 
receives  three-fourths  of  the  product  and  the  manufacturer  the  remainder.  In  such 
a  case  the  account  of  the  grower  stands  thus: 

Cost  of  growing  and  delivering  cane  at  mill 40. 00 

9f  empty  barrels 10.73 

Total  cost 50.73 

9}  barrels  (312  gallons)  of  sirup,  at  25  cents  per  gallon 78. 00 

Net  profit  to  grower  per  acre 27. 27 

A  comparison  of  these  figures  with  those  of  other  field  crops  of  this  section  shows 
sugar  cane  to  have  the  advantage.  It  is  also  to  be  noted  that  the  figures  given  rep- 
resent only  an  average  crop,  sometimes  as  much  as  800  gallons  of  sirup  per  acre 
being  obtained. 

In  the  States  east  of  Louisiana  99  per  cent  of  cane  is  manufactured  into  sirup, 
which  brings  up  the  question  of  overproduction.  But  when  90  per  cent  of  the  sirup 
sold  in  grocery  stores  is  an  inferior  and  adulterated  product  and  the  demand  for  a 
good  quality  of  sirup  is  increasing,  no  fear  from  this  source  need  be  entertained.  In 
regard  to  the  increased  demand  for  good  sirup  which  has  been  developed  at  Cairo, 
Mr.  Wight  says: 

Sixteen  years  ago  it  was  hard  to  find  a  market  for  the  1,500  barrels  of  sirup 
annually  shipped  from  the  town,  and  one  crop  was  frequently  not  sold  before 
another  was  produced.  Now  that  a  better  grade  of  goods  is  being  made,  12,000  bar- 
rels of  sirup  are  easily  sold  before  another  crop  is  produced.  This  sirup  is  marketed 
from  Massachusetts  to  Texas,  3,644  barrels  of  last  year's  crop  going  from  Cairo  to  the 
latter  State  alone. 
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As  would  be  expected  from  the  known  effect  of  the  quality  and  grade  of  land  on 
the  sucrose  content  of  cane,  the  sirup  produced  from  cane  grown  on  the  higher 
lighter  lands  of  South  Carolina,  Georgia,  Aldbama,  Mississippi,  and  Florida  is  of  a 
better  quality  than  that  produced  on  the  low  alluvial  lands  of  Louisiana. 

In  regard  to  sugar  cane  versus  sugar  beets  the  following  data  are  given: 

The  cost  of  growing  an  acre  of  sugar  beets,  exclusive  of  the  rent  of  the  land,  aver- 
ages $30.  The  average  yield  is  10  tons  per  acre,  which  sell  at  from  $4  to  $4.50  per 
ton.  This  gives  gross  returns  varying  between  $40  and  $54  and  a  net  profit  of  from 
$10  to  $24  per  acre.  These  figures  give  sugar  cane  an  advantage  of  from  $8  to  $9  per 
acre  over  beets. 

The  cane  in  1902,  until  about  November  20,  was  not  as  sweet  as  usual,  because  the 
autumn  was  late  and  exceedingly  warm  and  the  cane  continue<l  to  grow  and  there- 
fore matured  very  slowly.  This  was  a  disadvantage  to  farmers  having  a  large  acre- 
age, as  they  could  not  wait  until  the  most  suitable  time  for  making  sirup  because  the 
limited  capacity  of  the  mills  would  in  such  a  case  prolong  the  time  of  manufacturing 
too  far. 

The  following  table  shows  the  composition  of  the  cane  juices  as  ol)tained  at  the 
factories  of  J.  B.  and  T.  Wight: 

Table  XIV. — Composition  of  cane  juice*  mmpled  at  the  facU/rien  of  J.  H.  and  T.  Wight, 

Cairo f  Oa. 


Proprietor. 


T.Wight... 
J.  B.  Wight 
T.Wight... 

Do 

Do 

Do 

Do 

Do 

Do 

J.  B.  Wight 

Do 

Do 

T.Wight... 

Do 

Do 


Date  of 

obHerva- 

tion. 


1902. 
Oft.    28 
Oft.    29 

....do... 
Oct.  30 
Oct.  31 
Nov.  1 
Nov.  3 
Nov.  b 
Nov.  6 
Nov.    7 

....do... 
Nov.  10 
Nov.  11 
Nov.  12 
Nov.  13 


Cum  position  of  juice. 


Su- 
crose. 


|Re<luc-     p 

»"*f    Iritv 
8UgKre.|  "'•^• 


Perct. 
10.06 
8.96 
10.27 
10.22 
10.36 
10.48 
10.28 
11.30  > 


Perct. 
2.23 
1.93 
1.55  ' 
2.11 
1.99 
1.90 
2.25 
1.82 
Rejected. 


9.22 
11.55 
11.12 
11.88 
10.82 
11.06 


1.58 
1.51 
1.81 
1.78 
1.82 
1.52 


76.82 
69.92 
75.44 
74.14 
72.96 
77.26 
71.40 
7S.47 

70.38 
77.51 
76.68 
79.20 
73.10 
76.28 


Proprietor. 


T.Wight 

Do 

Do 

J.B.  Wight.... 

Do 

T.Wight 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Average . 


D  tcof 

obflerva- 

tion. 


1902. 
Nov.  14 
Nov.  17 
Nov.  18 
Nov.  19 
...do... 
...do... 
Nov.  20 
Nov.  21 
Nov.  24 
Nov.  25 
Nov.  26 
Nov.  27 
Nov.  28 


('ompo«ition  of  juice. 


Pu- 
rity. 


Su- 
crose. 

Reduc- 
ing 
Hugars. 

Ptrct. 

Perct. 

12.15 

2.02 

11.83 

1.92 

11.28 

1.81 

11.77 

1.15 

12.61 

1.59 

11.75 

1.63 

12.19 

2.19 

12.21 

1.69 

13.18 

1.15 

13.31 

.72 

12.83 

1.27 

13. 15 

.92 

12.64 

1.44 

11.42 

1.68 

82.64 
76.84 
75.69 
79.62 
81.88 
77.81 
76.25 
79.80 
82.38 
83.71 
82.77 
83.22 
82.62 


77.49 


CANE   GROWING   IN   THE  VICINITY  OF  GUYTON,  GA. 
By  Arthur  Given,  Special  Agent 

The  country  about  Guyton  is  very  well  adapted  to  cane  growing.  It  is  flat,  with  a 
slight  slope  toward  the  Ogeechee  River.  The  soil  is  a  rich  black  loam  with  clay  sub- 
soil at  a  depth  of  from  8  inches  to  2  feet.  Some  of  the  land  is  rather  high,  with  light 
soil,  and  does  not  produce  large  cane  crops.  The  lower  land  requires  to  be  drained  as 
in  Louisiana.  South  and  east  of  Guyton  is  a  great  extent  of  swamplands  which,  if 
cleared  and  drained,  would  make  valuable  cane  land.  Every  farmer  in  this  part  of 
the  State  grows  from  one-quarter  to  2  or  3  acres  of  cane,  and  some  of  them  as  much 
as  from  5  to  20  acres.  The  largest  of  the  mills  in  this  vicinity  is  that  of  Mr.  J.  T. 
Wells,  where  cane  juices  were  sampled  for  the  analyses  given  in  the  following  tabla 
The  cane  was  from  farms  near  Guyton  and  from  two  plantations  at  Halcyon  Dale  and 
Pooler,  10  and  14  miles  distant,  respectively,  from  Guyton  by  rail. 
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Table  XV. — Composition  of  sugar-cane  juices  sampled  at  the  factory  of  /.  T,   WeUs, 

Quytont  Ga. 


Date  of 
ol»erTation. 


Composition  of  juice. 


S'^^oee-  ^1^^   P^ty- 


Date  of 
obeervation. 


Ck>mpositlon  of  juice. 


Sucrose. 


Reducing 
I  sugars. 


Purity. 


1902. 

Nov.  20 

34 

28 

29 

Dec.   1 

2 

2 

2 

2 

2 

8 

4 

5 

8 

9 

10 

11 

12 


Percent. 

11.47 

9.68 

9.99 

9.18 

10.44 

11.28 

9.68 

10.04 

9.68 

10.80 

10.96 

11.26 

18.07 

13.37 

12.06 

11.51 

11.52 

10.18 


Percent. 
1.97 
8.12 
2.01 
2.40 
1.74 
1.40 
2.42 
2.82 
2.42 
2.42 
1.68 
1.82 
1.48 
1.29 
1.84 
1.89 
2.28 
2.66 


76.97 
66.75 
68.89 
66.52 
74.05 
77.44 
71.18 
70.70 
69.64 
69.27 
76.64 
77.66 
81.69 
81.52 
82.58 
78.29 
71.56 
69.25 


1902. 

Dec.  13 

15 

16 

17 

18 

19 

22 

28 

27 , 

29 

80 

81 

1908. 

Jan.    2 

5-6.... 

Average 


Percent. 

9.48 

10.89 

9.95 

8.99 

9.50 

11.08 

10.26 

9.82 

10.60 

9.69 

12.00 

10.16 

9.01 
9.42 


10.60 


Percent. 
2.86 
2.14 
2.87 
2,86 
2.83 
2.02 
2.66 
2.76 
8.18 
3.28 
1.64 
2.80 

2.88 
2.78 


2.24 


64.14 
72,16 
72.63 
62.42 
62.08 
72.42 
62.94 
62.54 
64.08 
60.18 
74.58 
68.18 

67.24 
65.86 


70.69 


CANB  GROWING  FOR  8IBUP  MAKING  AT  WATCROSS,  GA. 

By  Habold  a.  Ivb8,  Special  Agent. 

Sugar  cane  is  the  most  important  crop  grown  in  this  vicinity  and  will  be  planted 
next  year  to  a  greater  extent  than  ever  before.  The  soil  here  seems  to  be  perfectly 
adapted  to  the  succeseful  raising  of  the  several  varieties  of  sugar  cane — purple,  green, 
and  ribbon — ^the  purple  cane,  however,  being  more  extensively  used  than  the  other  two 
varieties.  Cotton  seed  and  cotton-seed  meal  are  the  fertilizers  most  used,  although 
when  available  cow-pen  fertilizer  has  the  preference.  The  plan  followed  by  most  of 
the  formers  is  to  fertilize  before  planting  and  again  when  the  plants  stand  about  3 
feet  above  the  ground. 

The  sugar  cane  when  planted  for  seed  is  frequently  injured  by  a  small  worm  which 
eats  all  the  way  through  the  stalk,  and  if  the  next  stalk  lies  against  the  first  the 
worm  goes  on  through  both.  In  order  to  prevent  this  the  cane  is  cut  into  short 
pieces  of  about  six  joints  and  planted  so  that  the  end  of  one  piece  is  not  on  the  same 
line  with  that  of  another. 

The  cane  is  planted  in  rows  about  4  feet  apart,  and  it  requires  about  2,000  average- 
sized  stalks  to  plant  an  acre.  Before  and  shortly  after  the  cane  makes  its  appearance 
the  ground  is  kept  plowed  in  order  that  the  earth  may  be  loose  about  the  young 
plants.  After  this  all  that  is  necessary  is  to  keep  the  weeds  from  crowding  out  the 
young  cane.  The  plant  will  soon  protect  itself  from  the  weeds  and  grass,  and  then 
no  more  cultivation  is  necessary. 

Within  a  radius  of  6  miles  of  Waycross  there  are  about  450  acres  of  sugar  cane 
available  for  manufacture.  As  a  rule  the  farmers  use  about  one-sixth  of  an  acre  to 
plant  an  acre — ^that  is,  16f  x>er  cent  of  their  cane  is  used  for  seed.  In  1902  the 
farmers  used  about  30  per  cent  of  the  crop  for  seed,  as  the  cane  was  damaged  by  frost 
and  was  therefore  small. 
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The  following  analyses  show  the  composition  of  the  cane  juices  from  the  varioos 
plantations  about  Waycross: 

Table  XVI. — Composiiion  of  cane  juices  sampled  atfactarieft  near  Waycross,  Ga. 


Proprietor. 


Date  of 
observa- 
tion. 


Composition  of  juice. 


Su- 
crose. 


1902. 
Nov.  17 
...do.., 


I  , 


E.  M.Eunice 
W.J.  Booth. 

L.  Anthony '  Nov.  21 

T.J.Ck)lM>n j  Nov.  25 

Do do... 

J. L. Stephens.... I  Nov.  26 

8.F.Miller I. ...do... 

J.J.Wilkinson  ..I  Nov.  28 

N.G.Lang do... 

W.S.Chancey  ...   Dec.     4 


Perd. 
16.79 
13.66 
10.68 
12.01 

8.96 
15.29 
10.49 
10.79 

9.60 
15.08 


Reduc 

ing 
sugars. 

Pcrd. 
0.80 
1.29 
2.09 
1.48 
S.81 
1.06 
3.07 
2.11 
2.37 
.66 


Pu- 
rity. 


86.10 
80.83 
64.83 


63.10 
89.96 
73.36 
67.02 
67.13 
88.18 


Proprietor. 


Date  of 
observa- 
tion. 


L.E.  Miller.... 

Do 

W.N.Keton... 
P.  L.  Hatcher.. 

Do 

W.  H.  Boat- 
wight  

Average . . 


1902. 
Dec.  8 
...do... 
Dec.  10 
Dec.  11 
Dec.  12 

Dec.  13 


Ck>mposition  of  juice. 


Su- 
crose. 


Reduc 

ing 
sugara 


Peret. 
16.55 
13.64 
14.57 
10.20 
11.32 

15.57 


12.83 


Pu- 
rity. 


Pnct. 
0.43  ' 
1.85  ! 

! 

.99 
2.55  ; 
2.25 

I 

.60  : 


81.67 
88.25 
70.84 
70.34 


I 


1.64 


75.82 


CANE  GROWING   IN  THE  VICINITY  OF  QUITMAN,  GA. 
By  J.  M.  Starb,  Special  Agent. 

Around  Quitman  cane  seems  to  be  grown  only  as  an  incidental  crop.  Most  farm- 
ers who  run  from  3  to  10  plows  plant  from  4  to  8  acres  of  cane.  The  small  farmer  with 
one  horse  or  mule  plants  from  three-fourths  acre  to  1}  acres.  There  is  a  distinct 
tendency  to  increase  the  acreage  planted  around  Quitman,  and  many  farmers  have 
expressed  the  intention  of  planting  at  least  40  per  cent  more  in  1903  if  the  seed  cane 
comes  through  the  winter  well.  The  farmer  who  grows  cane  on  the  largest  scale  is 
Mr.  McRae,  who  lives  about  12  miles  from  the  town.  It  is  estimated  that  the 
amount  of  sirup  handled  at  Quitman  for  jobbing  purposes  will  be  approximately 
4,500  barrels.    The  average  price  which  the  farmer  receives  is  25  cents  per  gallon. 

Three  kinds  of  cane  are  grown  in  this  locality,  viz,  purple  cane  (two  varieties,  big 
short-joint  cane,  and  small  long-joint  cane),  ribbon  cane  (two  varieties,  red  striped 
and  green  8trii)ed),  and  green  cane.  The  purple  cane  is  most  extensively  grown  for 
sirup  making,  and  the  ribbon  cane  is  the  next  in  importance.  The  small  red  cane 
grows  as  tall  as  the  ribl)on  variety,  but  does  not  stand  so  thick  and  is  generally 
thought  to  l>e  sweeter.  The  green  cane  is  not  much  grown  for  sirup  making.  It 
is  very  soft  and  tender,  and  the  seed  cane  does  not  keep  so  well  through  the  >nnter 
as  the  other  varieties. 

Almost  all  farmers  who  plant  several  acres  of  cane  use  cotton  seed  and  commercial 
fertilizers  containing  nitrogen.  Many  of  the  cane  growers  use  fertilizers  that  contain 
too  much  ammonia,  which  results  in  red,  strong  sirup.  In  the  freshly  cleared  land, 
where  there  is  considerable  decayed  oi^nic  matter  in  the  soil,  acid  phosphate  is  the 
principal  fertilizer  used.  The  small  farmers  who  plant  only  about  an  acre  or  two  of 
cane  use  cow-pen  manure  and  cotton-seed  meal.  About  30  bushels  of  cotton  seed  are 
used  per  acre  and  from  400  to  800  pounds  of  commercial  fertilizer.  When  cotton  seed 
is  applied  it  is  used  as  l>edding  for  cattle  before  planting  time.  A  deep  furrow  is 
plowed,  in  which  the  fertilizer  is  placed.  The  seed  cane  is  cut  into  pieces  of  three 
joints  each  and  dropped  into  the  row  about  3  inches  apart  and  covered  with  a  lister. 
After  the  cane  comes  up  some  farmers  put  in  an  additional  amount  of  fertilizer  at  the 
sides  of  the  row,  and  when  the  cane  is  laid  by  another  application  is  sometimes 
made  in  the  middle  of  the  row.  When  the  fertilizer  is  put  in  the  row  before  plant- 
ing it  is  usually  mixed  with  the  soil  by  running  a  plow  through  it  before  the  seed 
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cane  is  planted.  The  cultivation  is  of  a  simple  character,  since  as  soon  as  the  cane 
gets  a  start  it  shades  the  ground  and  prevents  the  growth  of  weeds  and  grasses. 

The  weight  of  the  cane  per  acre  on  the  farm  of  Mr.  Mcintosh,  9  miles  north  of 
Quitman,  was  determined  on  November  26.  The  cane  from  1  acre  weighed  61,215 
pounds,  equivalent  to  30.6  short  tons.  The  number  of  canes  in  1  load  were  counted 
in  order  to  determine  the  average  weight  of  each  cane.  The  load  contained  960 
canes  and  weighed  2,112  pounds,  which  will  make  the  average  cane  weigh  2.2 
pounds.  In  computing  for  1  acre,  this  gives  as  the  total  number  of  canes  27,826  -|-. 
This  weight  of  cane  makes  from  16  to  20  barrels  of  sirup,  averaging  33  gallons  each. 
It  requires  a  mean  of  7^  gallons  of  juice  to  make  1  gallon  of  sirup.  The  average 
product  per  acre  in  the  vicinity  of  Quitman  may  be  safely  placed  at  14  barrels  of  33 
gallons  each  per  acre,  which  amounts  to  462  gallons. 

One  of  the  principal  items  of  expense  in  the  sirup  industry  is  the  seed  cane,  since 
very  little  dependence  can  be  placed  in  the  stubble  crop.  One  acre  of  cane  will 
plant  from  4  to  10  acres,  according  to  the  amount  grown,  but  much  depends  on  how 
the  seed  keeps  through  the  winter.     Freight  rates  from  Quitman  are  very  high  also. 

If  the  grower  can  find  out  how  to  make  sirup  that  will  not  ferment  he  can  hold 
his  product  until  there  is  a  good  price  for  it.  The  dealers  will  then  advertise  and 
handle  the  goods  twelve  months  in  the  year  instead  of  three,  and  there  will  be  a 
great  increase  in  price  and  acreage.  This  would  render  the  adulteration  of  sirup 
with  glucose  unprofitable. 

The  following  analytical  data  were  obtained  on  the  samples  collected  at  Quitman 
and  in  the  vicinity: 

Table  XVII. — Compogition  of  cane  juices  sampled  at  Quitman j  Ga, 


Proprietor. 


£.  J.  Young 

Avera  Bros 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

I.Mabbett 

Avera  Bros 

Do 

Do 

£.  J.  Young 

Aveia  Bros 


Date  of 
observa- 
tion. 


1902. 
Nov.  4 
...do.... 
Nov.  5 
Nov.  6 
Nov.  7 
Nov.  8 
Nov.  10 
Nov.  11 
Nov.  12 
Nov.  13 
Nov.  14 
...do.... 
Nov.  17 
Nov.  18 
Nov.  19 
...do.... 
Nov.  20 


Composition  of  juice. 


Su- 
crose. 


Reduc- 
ing 
sugara 


Perct. 
8.85 
10.58 
11.89 
10.24 
11.42 
11.87 
10.99 
10.60 
11.33 
11.20 
11.20 
11.41 
11.91 
12.37 
12.18 
11.74 
11.61 


I 


Perct. 
2,51 
2.32 
2.02 
1.75 
1.89 
l.M 
2.07 
2.47 
1.94 
1.35 
2.06 
l.»4 
1.89 
1.89 
1.35 
1.65 
1.71 


Pu- 
rity. 


66.07 
72.97 
7jB.22 
76.98 
76.63 
77.58 
78.75 
74.65 
77.07 
77.24 
76.19 
77.62 
79.38 
77.80 
78.58 
79.86 
77.40 


Proprietor. 


Mabbett  Bros. . 
Avera  Bros 

Do 

Do 

Po 

Do 

Do 

W.Renifroe  ... 

Do 

H.  Turner 

Mr.  Harrell . . . . 
W.Renifroe  ... 

H.  Turner 

Mr.  Adams 

Do.. 


Average . 


Date  of 
observa- 
tion. 


Composition  of  juice. 


! 


1902. 
Nov.  20 
Nov.  21 
Nov.  24 
Nov.  25 
Nov.  28 
Dec.  1 
Dec.  2 
Dec.  11 
Dec.  12 
...do.... 
Dec.  15 
Dec.  16 
Dec.  18 
Dec.  19 
Dec.  20 


Su- 
crose. 


iReduc!     p., 

1,^  ^y- 


Perct. 

11.18 

12.34 

12.94 

13.39 

14.33 

12.75 

10 

12.41 

12.48 

13.04 

16.71 

11.50 

11.83 

13.86 

12.15 


11.95 


Perct. 
1.73 
1.75 

.80 
1.04 

.66 
1.13 
2.32 
1.35 

.88 
1.19 

.54 
1.57 
1.62 

.77 
1.24 


1.60 


76.57 
79.10 
73.94 
84.74 
85.80 
84.44 
71.48 
80.59 
86.02 
82.01 


79.86 
76.38 
81.87- 
77.38 


77.97 


CANE   GROWING    FOR  SIRUP  MAKING   IN   ALABAMA. 

By  Thomas  Bbago,  Special  Agent. 

The  greater  part  of  the  observations  in  Alabama  were  made  at  the  farm  of  Mr. 
Greoige  W.  Black,  near  Geneva.  The  land  on  which  the  cane  was  grown  is  of  the 
sandy  t3rpe  with  a  red  clay  subsoil,  and  has  been  in  continual  cultivation  for  about 
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sixty  years.  The  previous  crops  were  principally  cotton  and  com.  Thirty-five  acres 
of  the  purple  variety  of  cane  were  planted  by  Mr.  Black,  10  acres  being  reserved  and 
bedded  for  seed  and  no  care  whatever  taken  of  the  stubble. 

The  cane  was  planted  March  1  and  cultivated  about  the  same  as  com.  It  was 
fertilized  with  50  bushels  of  cotton  seed  and  600  pounds  of  guano  per  acre.  The  cane 
was  cut  about  December  1,  piled  in  rows,  and  left  in  the  field  until  grinding  began, 
when  it  was  stripped  and  hauled  to  the  mill. 

The  yield  of  cane  and  sirup  per  acre  could  not  be  obtained,  as  there  were  no  scales 
available  at  the  factory.  However,  6  acres  of  the  cane  land  were  measured  off,  and  it 
was  found  they  produced  1,980  gallons  of  sirup,  or  an  average  of  330  gallons  per  acre. 
The  farmers  in  this  section  greatly  prefer  the  sandy  lands  for  cane,  as  they  find  that 
the  sirup  from  the  cane  grown  on  sandy  lands  is  lighter  in  color  than  that  produced 
on  the  dark  bottom  lands,  and  also  that  the  juice  contains  a  larger  per  cent  of  sugar. 
It  is  also  claimed  that  it  is  difficult  to  obtain  a  good  stand  of  cane  on  the  bottom 
lands  owing  to  the  cold,  damp  nature  of  the  soil. 

The  purple  variety  of  cane  is  better  adapted  to  the  conditions  in  this  section  than 
the  other  varieties.  The  farmers  think  that  it  is  hardier  and  that  while  the  ribbon 
and  green  varieties  produce  a  lighter  sirup  than  the  purple  cane,  the  yield  of  simp  is 
smaller. 

The  following  table  gives  the  analyses  of  juices  from  farms  in  the  vicinity  of 
Greneva: 

Tablb  XVni. — C&mposUion  of  cane  juices  sampled  in  the  vicinity  of  Greneva,  Ala, 


Proprietor. 

Po8tK)ffice. 

Date  of 
observa- 
tion. 

Composition  of  juice. 

Sucrose. 

Reducing 
sugar. 

Purity. 

Mr.Tacker 

Lalayette 

1902. 
Nov.  10 
Nov.  11 
....do... 

JrCr  cent. 
8.91 
8.87 
8.08 
7.56 
11.08 
10.70 
14.89 
14.81 
13.84 
14.44 

13.50 
18.82 
14.19 
13.58 
15.27 
•14.T7 

Percent. 

8.17 

3.58 

3.87 

8.98 

2.88 

2.76 

1.09 

.89 

.80 

.87 

1.10 
.91 
.99 
.99 
.68 
.74 

62.30 
58.54 
57.77 
56.18 
72.10 
09.48 
87.20 
87.25 
82.34 
88.04 

83.01 
85.84 
88.69 
82.80 
89.30 
89.10 

Do 

do 

Selman  f  a<?to*y ...  -  - .  -  t 

do 

Do 

do 

Nov.  12 
Nov.  14 
Nov.  18 
Dec.    1 
Dec.  23 
Dec.  80 
Dec.  81 

1908. 
Jan.     1 
Jan.    3 
Jan.    6 
Jan.     7 
Jan.     9 
Jan.  10 

Mr.  Cooper  , 

Opellka 

Mr.  Beaflley 

Auburn 

Mr.  Culver 

do 

Mr.  Black 

Geneva 

Do 

....do 

Do 

do 

Do , 

do 

Do 

do 

Do 

....do 

Do 

do 

Do 

do 

Do 



do 

Average 

12.26 

1.73 

77.48 

These  data  show  that  the  greater  part  of  the  cane  juice  sampled  in  Alabama,  espe- 
cially that  from  Geneva,  is  of  a  fine  quality,  having  a  comparatively  low  percentage 
of  reducing  sugar  and  a  high  purity.  In  this  connection  it  must  be  remembered  that 
the  samples  of  juice  were  not  representative  of  a  single  cane,  but  were  taken  from  a 
large  volume  of  expressed  juice,  which  represented  the  refnilflr  mill  juice.  The 
smallest  amount  of  juice  from  which  a  sample  was  taken  was  600  gallons  and  the 
lai^gest  1,600  gallons. 
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6BOWING  8UGAB  OANE  FOR  SIBITP  MAKING  IN  MISSISSIPPI. 

By  E.  E.  Hudson,  Special  Agent, 

The  making  of  cane  sirup  is  not  carried  on  extensively  in  this  section  of  the  conn- 
try  because  there  is  no  good  market  ior  sirup  here.  There  are  only  two  or  three 
milis  that  make  sirup  to  put  on  the  market,  and  these  are  not  very  large  ones,  aver- 
aging about  800  gallons  per  day.  The  majority  of  the  planters  have  theii  own  mills 
and  make  sirup  only  for  private  use.  The  best  quality  of  sirup  made  this  season 
was  from  cane  grown  on  sandy  bottom  land.  This  depends  altogether,  however,  on 
the  season.  If  it  is  a  wet  season  the  pine  uplands  produce  the  best  quality  of  cane, 
but  when  the  season  is  very  dry  the  bottom  lands  give  the  beet  crop. 

The  varieties  of  cane  planted  here  are  the  white  and  the  red  or  Cuban  cane.  The 
white  cane,  however,  is  not  very  hardy  and  therefore  is  not  planted  very  exten- 
sively. Some  of  the  planters,  if  the  winter  is  not  very  severe,  allow  their  stubble  to 
remain  in  the  ground,  covering  it  over  with  earth  to  preserve  it,  but  if  there  is  a  hard 
freeze  during  the  winter  they  plow  the  stubble  up  and  plant  seed  cane. 

Cotton  seed  and  cotton-seed  meal  are  used  altogether  for  fertilizing  the  cane.  Some- 
times stable  manure  is  used,  but  not  often,  as  it  is  thought  to  detract  greatly  from  the 
sweetness  of  the  cane.  The  following  table  shows  the  quality  of  the  juice  sampled 
at  Mississippi  factories,  together  with  the  character  of  the  land  on  which  the  cane 
was  grown: 

Table  XIX. — OompotUion  of  cane  juices  sampled  in  the  vicinity  of  Magnoliay  Miss.,  and 

character  of  soil 


Proprietor. 


Coney  Simp  Works. . . , 


S.J.Htint 

D.Q.  Lambert  . 


W.J.Lenore 

V.F.Coney 

W.Brint 

Femwood  Sirup  Works 


Lampton  Strap  Co. 


J. A. Johnston ... 

N.McGee 

P.M.  Lee 

C.  W.Lang 

J.A.Cntraer 

Klondike  Farm . 
H.Dmmerway .. 


J.A.Catmer , 

Bridges  Simp  Works. , 


A.Fit2gerald. 
J,B.81ade.... 


Post-oflfee. 


Magnolia. 


.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

.do. 


....do 

.....do 

Walkers  Bridge  . 

Magnolia , 

.....do 

....do 

Femwood 


Magnolia. 
Bridges... 


Femwood . 
Magnolia . . 


Date  of 

obeenra- 

tion. 


1902. 
Oct    29 

Oct.  80 
Oct.    81 

Nov.  4 

Nov.  6 

Nov.  7 

Nov.  8 

Nov.  10 

Nov.  11 
Nov.  12 
Nov.  13 
Nov.  14 
Nov.  16 
Nov.  17 
Nov.  18 

Nov.  19 
Nov.  21 

Nov.  24 
Nov.  26 


(imposition  of  juice. 


Su- 
crose. 


Peret. 
12.94 

12.18 
10.86 

9.02 

9.44 

12.77 

9.87 

11.09 

12.96 
16.61 
U.61 
11.51 
IS.  76 
8.70 
11.83 

11.84 
13.69 

12.10 
16.21 


Reduc- 
ing    Purity, 
sugar. 


JPer  ct, 
1.44 

L27 
1.94 

8.66 
2.28 
1.72 
2 

1.99 

1.62 
1.19 
2.19 
1.60 
1.81 
1.64 
2.26 

2 
1.48 

1.97 
.61 


86.14 

74.26 
67.04 

61.27 
76.62 
80.82 
82.26 

75.42 

80 


76.23 
72.40 
89.29 
67.24 
75.86 

72.66 
81.86 

77.66 
87.91 


Character  of  soil. 


Upland     sandy     loam 

(drought). 
UpUnd. 
Black  sandy  loam;  made 

land. 
Upland. 
Pine  upland. 
Light  sandy  loam. 
Pine  upland;  highly  fer- 
tilized. 
Black  sandy  soil;  stiff  red 

clay  subsoil. 
Sandy,  bottom  land. 
Sandy,  bottom  loam. 

Do. 
Pine  upland. 
Bottom  river  land. 
Upland,  sandy  loam. 
Bottom     land,     sandy 

loam. 
Pine  upland. 
Bottom     land,     sandy 

loam. 
Pine  upland. 
Very  high,  sandy,  pine 

upland. 
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Tablb  XIX. — Composition  of  cane  juices  sampled  in  the  vicinUy  of  Magnoliay  Miss.y  and 
character  of  soil — Continued. 


Proprietor. 


H.  Preflcott . 
R.M.  Frith  . 


D.  F.  Vaughn . 


E.  J.  Hurst 

Allen  Bros 

H.O.Allen  .... 

Allen  Bros 

Simmons  Broe . 
D.O.Lambert. 

Average. 


Po8t-office. 


Magnolia . 
....do.... 


.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Date  of 

observa-  ! 

tion. 


I  Composition  of  juice. 


Su- 
crofle. 


1902,  Ptrct. 
Nov.  26  11.28 
Nov.  29     18.96 


Dec.  8 

Dec.  4 

Dec.  6 

Dec.  8 


11.64 

11.65 
15.39 
15.49 


Reduc- 
ing 
sugar. 


Dec.    9  t  17.62 


Dec.  10 
Dec.  11 


17.93 
14.07 


Ptrct. 
1.29 


.84 
.84 
.31 
.30 
.74 


12.76 


1.46 


Purity. 


64.46 
85.64 


75.82 


73.74 


Character  of  soil 


Pine  upland,  clay  loam. 
Sandy    hill    land,  clay 
subsoil. 

land,     sandy 


Bottom 
loam. 
Do. 
Do. 
Do. 
Do. 

!        Do. 

86.32  I  Pine  upland. 


76.41 


GROWING  SUGAR  CANE  FOR  SIRUP  MAKING  IN   FLORIDA. 
By  Gboroe  £.  Walker,  Special  Agent 

Much  Japanese  cane  is  being  planted  in  the  vicinity  of  Huntington,  Fla.,  and  it  is 
highly  praised,  but  none  of  it  has  been  ground  as  yet.  The  interest  in  cane  growing 
in  this  locality  is  increasing,  and  a  much  larger  acreage  would  be  planted  in  cane 
were  it  not  for  the  difficulty  of  fencing  out  the  wild  hogs. 

In  consequence  of  dry  weather  in  the  early  spring  a  good  stand  of  cane  was  not 
obtained  on  the  high  pine  land,  and  this  fact,  combined  with  the  depredations  of  hogs 
running  at  large,  left  only  enough  cane  for  the  seed  requirements  on  our  own  farm, 
and  consequently  we  were  dependent  on  the  outside  supply  to  meet  the  demands  of 
the  factory.  The  demand,  however,  for  seed  cane  (for  Georgia  principally)  was  so 
great  that  it  paid  better  to  sell  seed  cane  than  to  make  it  into  sirup.  For  this  reason 
many  carloads  of  cane  were  shipped  from  Huntington  which  it  had  been  expected 
would  go  to  the  local  factory,  and  thus  the  successful  operation  of  the  mill  was  ren- 
dered impossible. 

The  following  table  shows  the  composition  of  the  juice  extracted  from  cane  grown 
at  Huntington  and  at  Kissimmee: 

Tablb  XX. — Composition  of  cane  juices  sampled  in  Florida, 


Date  of 

observa- 

tion. 

Compoeition  of  juice. 

Proprietor. 

Sucroee. 

Reducing 
sugar. 

Purity. 

IBraddock 

Huntington — 

do 

1902. 
Dec.  80 
Dec.  81 

Percent. 
11.94 
13.10 

Percent. 
1.89 
1.41 

76.05 

Do 

76.17 

Averag'c 

12.62 

1.40 

76.11 

iTfipinnine^  x 

1903. 
Apr.    4 
....do... 

8.  L.  Lnpfer 

17.80 
16.60 

.24 
.86 

88.70 

Do 

do 

80.50 

Avenge 

17.00 

.80 

89.10 
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SITMMABY. 


Collecting  the  averages  of  each  set  of  analyses  the  comparison  shown 
in  Table  XXI  is  obtained. 

Table  XXL — Summary  of  analyticcd  data  on  cane  juices. 


Town  and  State. 


Composition  of  juice. 


Sucrose.       ^^^      Purity. 


Number  of 
samples. 


Per 


CairOp  Ga 

Guyton,  Ga 

WaycToss,  Ga 

Quitman,  Ga 

Genera,  Ala 

MacmoUa,  Miss... 
Huntington,  Fla  . 
Kissimmee,  Fla.a . 

Average.... 


cent. 

11.42 

10.50 

12.83 

11.96 

i2.26 

12.75 

12.52 

17.00 


Percent. 
1.68 
2.24 
1.64 
1.60 
1.73 
1.46 
1.40 
.30 


77.49 
70.69 
75.82 
77.97 
77.48 
76.41 
76.11 
89.10 


27 
82 
16 
32 
16 
28 
2 
2 


12.03 


1.82 


75.99 


I 


a  Excluded  from  average. 

From  the  above  averages  it  is  seen  that  the  canes  have  a  fairly  con- 
stant composition  in  all  of  the  localities  where  investigations  \^ere 
made.  The  canes  at  Guyton  had  the  lowest  content  of  sucrose,  the 
highest  content  of  reducing  sugar,  and  the  lowest  purity ;  all  the  others 
run  very  close  together.  A  comparison  of  the  other  analyses  with  the 
samples  from  Kissimmee,  Fla.,  is  not  permissible.  Only  two  of  the 
samples  sent  from  Florida  (Huntington)  were  mill  juices.  The  aver- 
age of  these  two,  as  will  be  seen  by  referring  to  the  table,  agrees  very 
closely  with  that  of  the  samples  from  the  other  localities.  At  the 
beginning  of  April,  1903,  two  samples  of  canes  were  sent  from  Kis- 
simmee, which  had  been  growing  all  winter  untouched  by  frost.  The 
sucrose  in  these  samples  had  increased  about  4  per  cent  and  the  reduc- 
ing sugars  were  only  about  one-fifth  as  great  as  in  the  Huntington 
samples  taken  earlier  in  the  season.  The  purities  were  13  points 
higher  than  those  obtained  during  the  milling  season. 

The  data  in  general  are  most  instructive  in  showing  the  average 
composition  of  the  canes  of  the  localities  inspected.  When  special 
canes  are  selected,  as  has  been  the  case  in  previous  years,  the  analyses 
naturally  show  very  much  better  results.  The  real  object  in  view, 
however,  is  to  obtain  as  exactly  as  possible  the  average  composition 
of  the  canes  as  they  are  delivered  to  the  factories  for  commercial  pur- 
poses, and  this  is  what  has  been  accomplished  by  this  investigation. 

The  data  show  that  the  manufacture  of  sugar  on  a  commercial  scale 
from  such  canes  would  probably  not  prove  successful.  The  content  of 
sucrose  is  quite  as  high  as  that  of  the  canes  used  for  sugar  making  in 
Louisiana,  but  the  manufacturing  season  is  shorter.     Such  canes 
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worked  by  the  best  modem  appliances  would  yield  about  180  pounds 
of  merchantable  sugar  per  ton,  of  which  from  140  to  150  pounds  would 
be  high  grade,  first  sugars,  and  the  rest  low  grade,  second  and  third 
sugars.  For  sirup  making,  however,  these  canes  are  of  excellent 
quality.  The  high  quantity  of  reducing  sugar,  which  interferes  with 
sugar  manufacture,  is  no  bar  to  sirup  manufacture;  on  the  contrary  it 
is  an  advantage,  as  the  reducing  sugar  is  quite  as  sweet  and  palatable 
as  sucrose  and  has  a  much  lower  coefficient  of  crystallization.  Hence 
its  presence  in  the  product,  while  impairing  neither  its  appearance 
nor  its  taste,  improves  the  selling  qualities  of  the  sirup  by  diminishing 
the  tendency  to  crystallization. 
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INSECTICIDE  STUDIES. 


I.  PYRETHRUM  POWDERS  CONTAINING  POISONOUS  METALS. 

IITTRODTJCTIOH. 

In  the  course  of  a  recent  examination  of  a  large  number  of  miscel- 
laneous insecticides  it  was  observed  that  a  number  of  pyrethrum 
powders  contained  lead  chromate.  These  powders  are  sold  under 
such  names  as  Persian  Insect  Powder,  Dalmatian  Insect  Powder, 
Buhach,  and  Pyrethrum,  and  are  colored  yellow  because  there  seems 
to  be  a  popular  demand  for  this  grade  of  goods,  the  public  apparently 
believing  that  the  preparation  must  be  bright  yellow  in  order  to 
kill  insects.  As  a  matter  of  fact  pure  pyrethrum,  which  is  composed 
of  the  ground  flower  heads  of  Pyrethrum  roaeinn  and  Pyrethrum 
clnerarise folium^  usually  possesses  a  light  yellow  color,  but  never 
the  bright,  intense  yellow  color  given  to  it  by  lead  chromate. 

As  lead  chromate  is  known  to  be  poisonous,  it  would  appear  th^t  it 
is  a  ver}'  reprehensible  practice  to  add  it  to  pyrethrum  powders,  since 
they  are  often  blown  about  living  rooms  with  a  bellows  to  kill  insects, 
and  are  consequently  inhaled  by  human  beings.  Besides  this,  pj^re- 
thrum  is  always  advertised  to  be  hannless  to  human  beings,  which  it 
is  when  pure,  but  ceases  to  be  so  when  it  has  been  mixed  with  lead 
chromate  or  other  yellow  colored  chromates.  In  view  of  the  above 
facts  it  was  deemed  advisable  to  examine  the  pyrethrum  powders  sold 
upon  the  American  market  to  discover  which  of  them  contain  yellow 
chromates  and  at  the  same  time  to  cite  cases  of  poisoning  by  chromates 
to  substantiate  the  claim  that  any  of  the  yellow  chromates  that  might 
be  used  for  this  purpose,  and  especially  lead  chromate,  are  poisonous 
to  human  beings.  The  facts  which  have  been  collected  on  these  points 
are  embodied  in  the  following  report; 

GASES  OF  P0I80NIKO  BY  LEAD  AHB  OTHER  CHROMATES. 

Since  it  is  not  generally  known  that  many  pyrethrum  powders  con- 
tain lead  chromate,  it  doubtless  often  happens  that  physicians  are 
much  puzzled  as  to  the  cause  of  the  illness  of  persons  who  have  been 
exposed  to  the  action  of  such  powders.  In  order,  therefore,  that 
physicians  and  others  may   recognize  the  symptoms  of   chromate 
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8  INSECTICIDE    STUDIES. 

poisoning  caused   by   this   class   of  goods,  the  following  account  is 
given  of  cases  of  chromate  poisoning  found  in  medical  records: 

LEAD    POISONING    CAUSED    BY    THE    MANUFACTURE    OF    FUSES  FOR 
LIGHTING    PURPOSES.  « 

On  February  22,  1875,  a  woman  of  about  46  years  of  age  came  under  my  care  at 
the  hospital.  She  complained  of  pains  in  the  stomach  and  a  general  indisposition  or 
breaking  down.  For  a  number  of  days  she  had  suffered  with  severe  gripes.  Her 
stomach  was  not  swollen,  but  her  skin  was  very  sensitive  and  palpation  caused  a 
contraction  of  the  abdominal  muscles.  There  was,  however,  no  tumor  in  the  abdom- 
inal cavity.  She  had  suffered  for  about  fifteen  days  with  obstinate  constipation  that 
could  be  relieved  only  by  an  injection;  her  liver  was  small  and  not  painful;  her 
tongue  white,  appetite  nearly  entirely  lacking,  and  breath  foul.  There  was  nausea 
and  a  distaste  for  fooil,  and  one  could  observe  the  existence  of  a  grayish-black  slate- 
colored  border  on  the  edges  of  her  teeth  next  to  the  gimis,  which  had  all  the  char- 
acteristics of  lead  bands.  That  symptom,  added  to  the  grii>es  and  to  cramps  in  the 
calves  of  the  legs  during  the  night,  caused  me  to  diagnose  the  case  as  lead  poisoning. 
This  woman  was  under  my  care  until  the  16th  of  March,  at  which  time  she  began 
to  convalesce,  although  at  that  time  she  was  still  anjemic  and  feeble;  but  there  was 
unquestionable  improvement. 

Being  well  convinced  that  my  patient  was  suffering  with  lead  ixDisoning,  I  thought 
I  ought  to  find  the  cause.  I  found  that  she  had  worked  for  five  years  in  a  well-aired 
factory  employing  about  30  people,  where  they  were  engaged  in  the  manufacture  of 
fuses  which  were  to  l)e  used  by  smokers  to  light  their  pipes  and  cigars.  Her  work 
differed  from  that  of  her  fellow-workers  in  that  she  was  emi)loyed  in  winding  the 
cotton  that  was  to  be  used  for  the  manufacture  of  fuses,  while  they  wove  the  threads 
of  cotton.  She  was  thus  more  exposed  than  her  companions  to  the  emanating  dust, 
especially  as  the  cold  weather  had  obliged  them  to  close  the  windows  of  the  shop. 
These  fuses  were  about  as  large  around  as  a  pencil  or  the  little  finger  and  of  a  yel- 
lowish orange  color,  indicating  that  they  were  colored  with  lea<l  chromate.  A 
chemical  analysis  showed  the  presence  of  this  comjKiund. 

At  the  shop  where  these  fuses  were  manufacture<l  I  found  that  those  who  were 
engaged  in  weaving  them  did  not  show  any  appreciable  synii)toms  of  lead  poisoning, 
while  those  who  were  employed  to  shake  out  and  wind  the  cotton  all  had  fairly 
well  develope<i  cases.  The  merchant  at  Paris  who  manufactured  these  fuses  said 
that  they  were  originateti  in  (Germany,  but  were  now  exported  largely,  especially  to 
America. 

FATAL    POISONING    BY    EATING     CONFECTIONERY    COLORED    WITH    LEAD 


On  March  14,  187-,  between  9  and  11  a.  m.,  the  two  sons  of  Mr.  H.,  aged  resj^ec- 
tively  3J  and  1|  years,  ate  several  small  ornaments  representing  l)ees  that  had  been 
placed  on  a  cake.  In  the  afternoon  of  the  same  day  they  liecame  very  ill  and  were 
attacked  with  severe  vomiting  and  great  prostration.  The  vomited  mass  was  at  first 
yellow,  and  was  thrown  up  with  great  pain.  Vomiting  continue<l  until  11  p.  m., 
after  which  it  became  infrequent.  When  the  physician  arrived,  at  6  p.  m.,  they  were 
in  bed  and  suffering  extremely.  They  had  reddened  faces,  complained  of  great 
thirst,  were  languid,  had  no  dysentery,  although  they  complained  of  slight  pains. 


«  Annales  d' hygiene,  2(1  series,  No.  44,  1875. 

^  Vierteljahresschrift  fiir  gerichtl.  Medizin,  1874,  20:  60. 
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PYREl-HRUM   POWDERS    CONTAINING    POISONOUS   METALS.  Vf 

It  was  easy  to  see  that  they  had  been  poisoned,  and  since  in  the  morning  they  had 
eaten  the  same  food  as  the  rest  of  the  household,  who  remained  in  perfect  health, 
probably  the  poisoning  was  due  tu  the  above-mentioned  bees,  seven  of  which  had 
been  piven  to  the  children  to  play  with,  while  only  one  could  be  found.  They 
finally  confes8e<l  that  they  had  eaten  the  remaining  six,  and  the  nurse  had  seen 
them  do  it.  The  nurse  thinking  it  might  be  harmful,  had  taken  ii  softened  "bee" 
from  the  younger  child  and  wiixni  out  his  mouth. 

One  of  the  "bees,"  of  which  more  were  found  at  the  confectioner's  who  had  luade 
the  cake,  was  examined  by  a  chemist  and  found  to  consist  of  gum  and  lead  chromate. 
On  the  following  day  both  patients  had  the  same  red  and  heated  faces;  they  nhowed 
no  interest,  and  on  being  cjuestioned  gave  tokens  of  displeasure.  They  did  not  com- 
plain of  local  pains,  evidently  Ix^cause  their  senses  were  benumbe<l.  The  younger 
had  some  diarrhea  and  towanl  noon  convulsions,  from  which  his  face  was  livid. 
The  convulsions  became  more  fre<^iuent  towanl  evening,  and  at  9  o'clock  on  the 
morning  of  the  following  <lay,  March  10,  the  younger  boy  died. 

The  older  child  still  had  a  red,  heate<l  face  and  displayed  no  interest,  l^eing  almost 
unconscious.  The  skin  ui>on  his  breast  and  alnlomen  was  strikingly  red.  The  even- 
ing temperature  was  89.5°  in  the  armpits.  On  the  17th  the  pulse  was  irregular  and 
the  temperature  in  the  evening  :59.()°.  Drinking  was  extremely  painful,  in  spite  of 
great  thirst.  On  the  18th  a  foul  smell  (*ame  from  the  mouth,  redness  was  still  pres- 
ent, accompanied  by  stupidity  and  painful  swallowing;  temperatui-e  in  the  evening 
was  39.2°.  On  the  19th  a  collapse  took  placre,  a  very  foul  smell  came  from  the  mouth, 
and  swallowing  was  almost  impossible.  The  senses  were  very  much  benumbe<i,  and 
death  followeii  at  11  a.  m.  The  rt»sult  of  the  post-mortem  may  be  summe<l  up  in  tl  e 
words  of  the  physician  a^^  follows:  "The  death  of  the  children  is  the  direct  result  uf 
the  destruction  which  hsi<  l)efallen  the  digestive  canal  from  the  throat  to  the  duode- 
num. Concerning  the  cause  of  this  destruction  and  concerning  some  further  con- 
ditions we  will  not  express  an  exjtlicit  opinion."  The  liver,  stoir.ach  and  contents, 
and  urine  were  then  subjei-ted  to  a  chemical  examination.  This  gave  negative 
results,  except  that  in  the  liver  of  both.cor])ses  traces  of  copj)er  were  found,  a  dis- 
covery of  no  toxological  interest.  .  The  absence  of  all  i)oisonous  metals  in  all  other 
parts  of  the  corpses  was  shown. 

The  "bees"  were  also  examined,  and  0.27  gram  of  gum  and  0.0042  grant  of  neuiral 
lead  chromate  were  found  in  one  that  was  13  mm  long  and  ."S  mm  thick.  The  im)vv- 
der  used  by  the  confectioner  was  also  analyzed  and  found  to  contain  lead  chromate. 
The  illness  of  l)Oth  children,  occurring  at  the  same  time  and  Hh(»wing  itself  by  severe 
vomiting,  must  be  traced  back  to  their  eating  some  poisonous  food-  and  since  it  was 
known  that  they  l)oth  ate  the  "bees"  which  contained  lea<l  cliromate  and  that  they 
vomited  up  yellow  vomit,  the  eating  of  the  metallic  salt  nuist  l)e  considered  as  the 
cause  of  the  deaths. 

It  is  not  remarkable  that  no  lead  chromate  was  found  in  the  alimentary  tract, 
since  the  children  vomitt^l  a  great  deal  and  thus  threw  up  all  of  the  poison. 

FATAL  POISONINCJ  BY  INIIALINCJ   DUST  FROM   YARX   COLORED  WITH    LEAD 

CHROMATK.  ' 

On  Decemlier  29,  187(>,  a  weaver,  B.,  at  K.,  receive<l  a  jmckage  of  yellow  threads, 
colored  with  lead  chromate,  which  were  to  be  used  for  the  manufacture  of  curtains. 
B.  and  his  mate,  (J.,  worked  at  one  spool  and  Mrs.  B.  and  agirl,  L.,  at  the  other.  They 
workeil  from  7  a.  m.  to  10  and  11  p.  m.  While  they  were  working  the  threads 
shell  fHDwder,  ac'cording  to  B.'s  statement,  so  that  their  faces  and  hair  became  entirely 


«Viert€ljahresschrift  fiirgerichtl.  Medizin,  1877,  27:  29  i^No.  1). 


Digitized  by 


Google 


10  INSECTICIDE    STUDIES. 

yellow.  Their  spittle  appeared  yellow,  and  the  powder  had  a  bitter  taste.  Accord- 
ing to  Mrs.  B.  the  powder  had  a  sweet i.»»h-bitter  taste.  The  male  helper  sickened 
after  working  upon  the  threads  about  eight  days;  he  had  a  headache,  with  a  ringing 
in  the  ears,  pains  in  his  breast  and  stomach,  and  lost  his  appetite.  He  had  a  desire 
to  vomit  and  was  constipated.  This  continued  for  six  weeks,  until  he  ceased  working 
and  went  to  the  doctor.  Mrs.  B.  during  the  meantime  became  ill ;  she  complained 
of  loss  of  appetite  and  pains  in  the  chest.  B.  on  the  last  day  of  the  third  week  of  the 
work  was  attacked  with  pains  in  the  stomach.  Then  appeared  nausea,  languor,  and 
sleeplessness.  Eight  or  ten  days  later  he  was  obliged  to  stop  work  and  send  for  the 
doctor  on  account  of  pains  in  the  bowels  and  costiveness.  The  girl  helper  was  also 
ill,  having  diarrhea,  loss  of  api>etite,  and  pains  in  the  breast. 

Dr.  J.  stated  the  symptoms  of  B.  and  the  helpers  in  the  folloining  terms :  Yellow- 
coated  tongue  and  yellow  expectoration,  entire  loss  of  appetite,  nausea,  temporary 
vomiting,  and  pains  in  the  region  of  the  navel,  accompanied  by  obstinate  constipation. 
The  excrement  was  also  colored  yellow,  and  all  the  patients  were  very  weak.  The 
doctor  stated  that  these  symptoms  were  all  caused  by  breathing  yellow  dust  from 
the  yam  and  indicated  plainly  lead-chromate  poisoning. 

Although  all  of  the  above-mentioned  persons  finally  recovered,  B.  lost  a  9-week8- 
old  baby,  who.se  death  could  be  a*»cribed  only  to  the  breathing  or  swallowing  of  the 
yam  dust.  When  the  B.'s  notice<l  how  much  dust  was  flying  al)out  they  sought  to 
protect  their  baby  by  spreading  a  white  woolen  cloth  of  medium  thickness  over  his 
face.  This  cloth  was  said  to  have  been  yellow  with  the  dust  all  the  time,  as  well  as 
the  bed  on  which  the  child  w^as  lying.  The  child's  crib  stood  midway  l)etween  the 
two  B.'s  stools  and  at  night  the  mother  took  the  child  to  bed  with  her.  It  waa 
healthy  and  lively,  so  that  continued  poor  feeding  could  not  have  caused  the  bad 
condition  of  the  stomach  (jelly-like  softening  and  perforation)  observed  at  the  post- 
mortem. Suddenly,  six  or  eight  days  before  its  death,  which  occurre<l  on  Febmary 
24,  the  child  was  taken  sick.  Its  face  Ijecame  pale  and  its  body  hot.  It  had  a 
couple  of  loose,  yellow  actions  each  day,  which  were  accompanie<l  by  restlessness 
and  frecjuent  screaming.  The  skin  upon  the  breast  and  stomach  l)ecame  red.  In 
the  beginning  the  baby  drank,  but  refused  to  eat;  later  it  drank  with  trouble,  and 
on  the  day  it  died  it  swallowed  with  difficulty.  The  li[)8  were  dry,  the  breathing 
short,  and  death  followed  slowly.  It  is  to  be  remarked  that  the  child,  after  remain- 
ing healthy  for  six  weeks  in  spite  of  the  surrounding  yarn  dust,  was  suddenly  taken 
sick  six  or  eight  days  before  death  and  grew  w-orse  at  a  time  when  the  yellow  yam 
was  not  being  worked  upon.  Since  the  child  remained  covered  with  the  cloth  up  to 
the  time  of  its  death,  it  appears  likely  that  the  dust  gradually  worked  its  way 
through  the  cloth  and  sifted  down  so  that  the  child  always  had  to  breathe  thia 
impure  air  until  its  death. 

A  chemical  examination  was  made  of  the  following  organs  of  the  child  and  the 
articles  that  were  used  at  the  the  time  of  his  death:  Contents  of  the  nose,  contents 
of  the  stomach,  urine  and  gall  taken  from  the  urine  and  gall  bladders,  organs  of  the 
stomach  and  breast,  the  hair  of  the  head,  shirt  slip,  the  child's  nipple,  and  a  portion 
of  the  yellow  yarn.  The  brain  would  have  been  examined,  but  the  vessel  contain- 
ing it  was  lost.  The  yam  containe<l  11.83  per  cent  lea<l  chromate.  Lead  chromate 
was  found  in  the  hair  of  the  head,  and  the  little  slip  contained  65  mg  lightly  strewn 
over  it.  The  organs  of  the  neck,  chest,  and  gullet  contained  36  mg  of  lead  chromate. 
The  other  fluids  of  the  body  and  organs,  the  shirt,  and  nipple  did  not  show  the 
presence  of  any  lead  chromate. 

It  will  thus  be  seen  that  numf)ers  of  authentic  cases  of  poisoning, 
by  either  breathing  or  swallowing  lead  chromate,  are  on  record.  Fol- 
lowing will  be  found  several  typical  cases  of  poisoning  by  alkaline 
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chromates  and  bichromates  selected  from  the  large  number  that  have 
been  observed  by  Messrs.  Delpech  and  Hillaire:** 

MEMOIRS    CONCERNING     DANGERS    TO   WHICH   WORKMEN    IN     CHROMATE 
FACTORIES   ARE   EXPOSED. 

Observation  I. —  Workmen  employed  for  a  long  time  at  the  grinder  (pilerie)  and  formerly 
at  the  kettles  (chandlh'e,^) — Naml  partition  perforated  by  the  dnst. 

v.,  aged  50,  has  worked  for  twelve  years  (1849)  in  a  chromate  manufacturing 
plant.  He  was  employed  from  the  l)eginning  at  the  grinder  and  sifter,  and  is  thus 
constantly  enveloped  in  an  atmosphere  charged  with  fine  chrome-iron  powder.  He 
says  that  he  feels  no  indisposition.  He  wipes  his  nose  and  spits  blackish  matter, 
but  neither  coughs  nor  has  any  smothered  feeling;  his  health  appears  to  l>e  good; 
he  has  no  disease  of  the  lungs;  he  does  not  l^elieve  there  is  anything  the  matter 
with  his  nose;  however,  his  sense  of  smell  was  perfect  when  he  entered  the  factory, 
and  he  has  now  completely  lost  it.  The  nasal  passages  were  examined,  and  a  per- 
foration of  the  cartilage  was  observed.  He  says  that  since  entering  the  factory  he 
has  sometimes  worked  at  the  kettles.  At  the  commencement  of  this  labor  he  was 
attacked  with  headache  and  swelling  of  the  noi^  accompanied  by  an  abundant  dis- 
charge from  the  nostrils.  His  eyes  did  not  smart.  These  symptoms  lasted  about 
fifteen  days,  after  which  he  regained  the  most  perfect  health  without  even  experi- 
encing again  the  symptoms  enumerated,  although  employed  at  the  same  work. 

This  workman  has  since  (October,  1804)  died  after  a  few  days'  illness  of  inflamma- 
tion of  the  chest,  without  having  previously  shown  any  prolonged  symptoms  of  suf- 
fering with  the  respiratory  organs. 

Observation  III. —  Workman  employed  at  the  kettles  for  about  four  weeks — Inflamma- 
lion  of  the  mucous  membrane  of  the  nose — Sore  upon  the  right  thumb— A  mtsal  perfora- 
tion—  llceration  of  both  of  the  external  nasal  walls. 

E.,  aged  28,  who  hatl  a  good  constitution,  had  been  employed  for  five  weeks  in  a 
potassium  bichromate  manufacturing  plant  when  he  was  examined  by  us.  He  was 
employed  about  eight  days  inside  the  works  carrying  the  bichromate  and  for  three 
weeks  at  the  kettles.  From  the  first  day  he  was  attacked  by  prolonged  and  intense 
sneezing.  After  four  days  he  suffered  greatly  with  intense  prickling,  abundant  run- 
ning of  the  nose,  an  incessant  desire  to  blow  his  nose,  and  the  passage  of  red  mem- 
braneous shreds.  Hq  had  no  watering  of  the  eyes,  or  at  most  it  was  slight.  The 
most  severe  symptoms  lasted  from  ten  to  twelve  days.  He  had  nearly  recovered 
when  he  stopped  working  at  the  kettle,  and  has  since  completely  recovered.  This 
workman  still  has  his  sense  of  smell.  He  was  afHicted  by  a  sore  on  his  right  hand, 
caused  by  penetration  of  particles  of  bichromate  in  a  slight  excoriation,  and  a  slight 
ulceration  still  remains.  One  can  also  note  brown  spots,  caused  by  sores  of  the  same 
nature,  upon  the  side  of  his  face  and  on  the  ring  finger. 

E.  has  never  suffered  with  his  feet.  He  has  no  eruption  either  on  the  skin  of  his 
body  or  genital  organs.  His  eyelids  are  not  excoriated,  and  he  has  neither  vomited, 
suffered  with  diarrhea,  nor  a  cough.  The  nasal  partition  is  perforated  at  the  usual 
place. 


«  Annales  d* Hygiene  Publique  et  de  Medicine  Legale,  1869,  and  1876,  2d  series. 
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OfiftERVATiON  VI. —  )Vo7'k'm(tn,  (t  coppersmith  muircustomed  to  the  manufacture  of  chro- 
mat£j  was  exposed  to  the  duat  restdting  from  the  repairing  of  the  kettles — Inflammation 
of  the  mucous  membrane  (jf  the  nose  and  nasal  perforation. 

F.,  a  copi)ersraith  and  a  stranger  to  the  chroniate  factory,  came  into  the  factory  for 
a  short  time  to  repair  the  kettles.  This  repairinjr  required  a  readjusting  of  the  side^ 
by  hitting  with  a  hammer,  and  these  blows  caused  the  crust  of  bichromate  that 
adheres  in  the  slightest  irregularities  to  fly  about  in  the  form  of  a  dust.  He  was 
attacked  quickly  by  inflammation  of  the  mucous  membrane  of  the  nose  and  lost  hie 
nasal  partition  in  eight  days. 

Observation  XI. — Superintendent^  not  employed  at  any  special  work — (Immir  irrita- 
tion, surlliny  of  the  memhrane  at  the  usutd  place ,  hut  no  perforation, 

O.,  aged  20  (December,  18(33),  has  been  employed  for  four  years  in  the  chrojnate 
works.  He  has  never  worked  at  the  kettles  or  the  calciner.  Charged  with  general 
surveillance,  he  merely  walks  through  the  works;  in  exceptional  cases,  however,  he 
helps  solder  the  lead  crystallizing  vats  that  are  in  nee<l  of  repairs.  He  has  conse- 
quently to  a  certain  extent  been  subjected  to  the  action  of  bichromate.  At  the  time 
we  examined  him  he  had  felt  a  tingling  of  the  nose  and  had  ireijuent  fits  of  sneez- 
ing, but  his  nasal  membrane  had  not  l)een  badly  inflame<l.  His  na?al  partition  is 
not  perforated,  but  at  the  usual  point  he  has  a  slight  swelling  and  reddening  of  the 
membrane.     His  general  health  is  good. 

Observation   XVni. — Flrenum   e.rjtotied  to   rhromate  duM — Perforation   of  the  nasal 
cartilage^  ulcerated  sorefi  on  the  right  hand. 

D.J  aged  28,  has  l)cen  employed  at  the  works  for  two  years,  and  for  the  last  ten 
months  at  the  manufacture  of  potas.«ium  chromate.  He  is  employed  as  a  fireman, 
but  often  helps  his  fellow-workmen,  and  so  during  much  of  the  time  spent  in  the 
factory  he  is  exposed  to  chromate  dust.  He  had  always  enjoyed  the  best  of  health. 
He  ha<l  never  had  syphilitic  symi)toms,  but  during  his  infancy  the  glands  at  the  sivle 
of  his  neck  were  swollen  tor  a  long  time.  His  general  condition  is  good.  He  had 
worked  at  the  manufacture  of  potassium  chromate  for  scarcely  fifteen  days  when  he 
wjis  taken  with  nose  bleeding,  sneezing,  pain  in  the  nose,  and  watering  of  the  eyes. 
He  sometimes  exi^erienced  a  little  uneasiness  in  breathing.  It  was  fifteen  or  twenty 
days  after  he  ha<l  ceased  to  work  at  the  preparation  of  [)otassium  chromate  that  he 
examined  his  nose  and  found  a  small  perforation.  The  nose  pre.serves  its  normal 
form.  There  is  an  ulcer  on  the  nasal  cartilage  in  the  right  nostril,  and  at  the  edges 
of  this  the  mucous  membrane  is  very  much  inflamed.  In  the  left  nostril  is  an  open- 
ing correspontling  to  this  ulceration.  His  sense  of  smell  is  preserved;  neither  the 
throat,  palate,  nor  roof  of  the  mouth  liave  been  attacked,  and  he  has  no  cough. 
This  workman  has  hard,  cartilaginous,  livi<l  scars  upon  his  thumb  and  his  right 
han<i.  On  the  left  index  finger  there  exists  a  }-ore  which  is  much  swollen  and 
exudes  a  sero-purulent  liquid.  This  workman  has  never  had  any  swelling  or  ulcera- 
tion of  his  feet. 

There  are  many  other  observations  cited  in  the  above  article,  but 
enouo^h  have  been  given  to  show  that  persons  who  are  obliged  to 
breathe  air  charged  with  the  dust  from  chromates  or  bichromates  are 
nearl}'  always  atl'ected  more  or  less  seriously. 
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AKALY8ES  OF  PYRETHRUM  POWDERS. 

COIXECTION   OF   SAMPLES. 

In  order  that  samples  of  pyrethruiii,  representative  of  all  grades, 
might  be  obtained,  a  circular  letter  was  forwarded  to  the  chemist  of 
each  of  the  experiment  stations,  with  the  request  that  they  purchase 
for  us,  upon  the  open  market,  three  or  four  samples  of  those  products 
sold  under  the  name  of  either  Pyrethruni,  Buhach,  Persian  Insect 
Powder,  or  Dalmatian  Insect  Powder.  They  were  also  asked  to  give 
data  as  to  the  price  per  two-ounce  sample,  the  name  and  address  of 
the  retail  dealer,  and  the  name  and  address  of  the  person  who  originally 
prepared  the  sample.  In  answer  to  these  letters  105  samples  were 
received,  all  of  which  were  subjected  to  chemical  examination.  It  is 
believed  that  these  samples  represent  fairly  well  the  present  state  of 
the  American  market. 

Credit  is  due  to  the  assistants  in  the  laboratory,  Bernard  H.  Smith 
and  Hariy  W.  Houghton,  who  aided  in  performing  the  analytical  work. 

METHODS   AND   RESULTS   OF   ANALYSIS. 

Since  lead,  potassium,  and  barium  chromate  have  all  a  bright  yellow 
color,  and  any  of  them  might  be  used  to  color  the  pj^rethrum  powders, 
tests  for  all  of  these  substances  were  made  in  the  samples  under  exam- 
ination according  to  the  following  methods: 

Qualitative  test  for  lead, — Ash  about  2  grams  of  the  sample  in  por- 
celain and  treat  with  a  little  water  and  about  20  cc  of  concentrated 
hydrochloric  acid  in  a  porcelain  dish.  Place  on  the  steam  bath  and 
steam  for  about  one-half  an  hour  or  until  all  the  lead  is  in  solution  and 
the  chromium  reduced  and  in  solution.  Filter  after  dilution.  Add 
sodium  carbonate  until  the  solution  is  alkaline  and  then  add  acetic 
acid  until  the  solution  is  just  acid.  Filter  and  add  a  solution  of  potas- 
sium chromate.     A  yellow  precipitate  or  cloudiness  indicates  lead. 

Qiialitatire  teRt  f(n*harhnn, — Ash  about  2  grams  of  the  sample  in 
porcelain  and  treat  with  hydrochloric  acid  as  directed  for  lead.  Evap- 
orate to  dryness  and  take  up  with  about  0.8  cc  of  hydrochloric  acid. 
Filter  and  pass  hydrogen  sulphid  through  the  filtrate.  Filter  off  any 
sulphids  that  may  precipitate  and  test  for  barium  in  the  filtrate  with  a 
few  drops  of  dilute  sulphuric  acid. 

Qualitative  test  for  chromluui. — Ash  about  2  grams  of  the  sample  in 
porcelain.  Treat  this  with  al)out  four  times  its  weight  of  a  mixture 
of  equal  parts  of  sodium  carbonate  and  potassium  nitrate,  and  fuse. 
Dissolve  in  water  on  the  steam  bath  and  filter.  Make  slightly  acid 
with  acetic  acid  and  test  with  lead  acetate  for  the  presence  of  chromium. 

Testing  the  powders  by  the  above  methods  showed  that  whenever 
chromium  was  present  lead  was  also  present,  these  two  evidently  being 
combined  as  lead  chromate.  A  Cjuantitativc  estimation  was  also  made 
of  the  chromium  present  according  to  the  following  method  of  analysis 
and  the  chromium  was  calculated  to  lead  chroujate. 
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Method  for  (httrnuinhuj  chrojuUarid. — Weigh  out  from  2  to  4  grams 
of  the  sample.  Ash  in  a  porcelain  dish  and  allow  to  cool.  Treat  with 
a  little  water  and  a  large  amount  of  concentrated  h^'drochloric  acid  and 
evaporate  to  dryness.  Treat  again  with  concentrated  hydrochloric 
acid  and  evaporate  t^  dryness. 

Take  up  the  residue  with  about  0.8  cc  of  concentrated  hydrochloric 
acid  with  the  aid  of  heat.  Filter  and  pass  hydrogen  sulphid  through 
the  solution  until  all  lead  is  precipitated.  Filter  and  evaporate  the 
filtrate  to  dryness.  Take  up  the  residue  with  a  little  water  and  1  cc 
of  hydrochloric  acid  with  the  aid  of  heat.  Precipitate  out  the 
chromium  (with  iron,  aluminum,  and  some  phosphoric  acid)  by  means 
of  ammonia,  taking  care  not  to  add  any.  excess  of  ammonia.  Filter 
and  wash  with  hot  water.  Dissolve  the  precipitate  on  the  filter  by 
means  of  hot  dilute  hydrochloric  acid  and  evaporate  to  dryness.  Take 
up  with  a  little  hot  water  and  ♦]  to  8  drops  of  concentrated  hydro- 
chloric acid,  heating  for  a  short  time  if  necessary.  Transfer  to  a  50 
cc  or  KX)  cc  flash  and  make  up  to  the  mark.  Now  prepare  an  alkaline 
permanganate  solution  in  the  following  manner:  Make  an  approxi- 
mately X  10  solution  of  potassium  permanganate  and  standardize  it 
against  ammonium  ferrous  sulphate.  Measure  out  exactly  a  liter  of 
this  solution  and  add  a  few  grams  of  sodium  carbonate  and  1  gram  of 
sodium  hydroxid  and  make  the  entire  volume  up  to  2  liters.  This  is 
the  standard  solution  required. 

A  convenient  number  of  cubic  centimeters  of  this  standard  is 
measured  into  a  >>eakerand  about  50  cc  of  distilled  water,  accom{)anied 
by  a  little  sodium  carl)onate,  is  added.  The  solution  of  chromium 
previously  prepared  is  then  run  in  from  a  burette,  while  the  contents 
of  the  beaker  are  boiling,  until  the  pink  color  is  dissii>ated  and  a  pure 
yellow  color  results.  Knowing  the  strength  of  the  permanganate  and 
the  number  of  cubic  centimeters  of  the  chromium  solution  used,  one 
can  calculate  the  percentage  of  chromium  in  the  original  powder  accord- 
ing to  the  following  equation: 

CrCl,  +  KMnO,  +  ^  KOH  =  K,CrO,  +  MnO,  +  3  KCl  +  2H,0 

In  Table  II  are  found  the  results  obtained  upon  the  samples  of 
pyrethnim  powder  examined: 

Table  II. — Exmninafum  of  pi/rrthnnn  powders  J(tr  colorbifj  matter. <^ 

c-    .„,  ,  '  '  Chromium  I  Lead  chro 

X^,     I  Name.  n 


266  '  Persian  Insect  Powder '  Absent 

267  Dalmatian  Insect  Powder Present 

268  I  Insect  Powder do 

269  {  Pyrethrum Ab?jent  . 

270   do. do 

271  Dalmatian  Insect  Powder do 

272  J  Insect  Powder ! do 

a  Examination  for  barium  gave  negative  results  for  all  samples. 

26958— Ko.  76—03 2 
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um.        Lead. 

irioxid 
(C'rOs>. 

mate 
(PbCr04). 

t  . . .    Absent  . . . 

Per  cent. 

Per  cent. 

t...i  Pre-ent... 

do.... 

t  ...'  Absent  ... 

0.099 
.071 

0.32 
.23 

....( do.... 

...J do.... 

....! do.... 
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Table  II. — Examination  of  pyrethrum  pon^dersfor  coloring  matter — Continued. 


a  273 
274 
276 
276 
277 
278 
279 
280 
281 
282 
283 
312 
318 
314 
315 
316 
317 
318 

a319 
323 
324 
825 
326 
327 
328 
329 
380 
331 
332 
333 
334 
335 
336 


339 

a  340 

^M 

3H4 

8H5 

a386 

387 

388 


391 
392 
393 
394 
395 
396 
397 
401 
402 
403 
401 
419 
420 
421 
422 
423 
424 
425 
426 
427 
42M 
429 
430 
431 
432 
433 
431 
435 
492 
493 
494 
495 


Dalmatian  Insect  Powder 

Spalato  Insect  Powder 

Dalmatian  Insect  Powder 

Persian  Insect  Powder 

Dalmatian  Insect  Powder , 

do 

Insect  Powder do 

do ' do 

do ' do 

Buhach do 

Pj^rethrum do 

Insect  Powder ; do 

Pyrethrum ■ do 

Insect  Powder do 

Pyrethrum , I  Present . . . 

do I do 

Dalmatian  Insect  Powder i  Absent . . . 

do ' do 

Persian  Insect  Powder I  Present . . . 

Buhach Absent . . . 

Pyrethrum ' do 

do ; do 

do I  Present . . . 

Persian  Insect  Powder do 

do I  Absent ... 

do Present . . . 

Insect  Powder I  Absent 


.do. 
.do. 
-do. 
.do. 
.do. 


:i: 


.do. 
.do. 
.do. 
-do. 
.do. 


Pyrethrum ' do. 

do ' do. 

do do. 

Persian  Insect  Powder \ do  . 

Pyrethrum Present. 


do 


Dalmatian  Insect  Powder 

do 

Persian  Insect  Powder 

Insect  Powder 

Persian  Insect  Powder do 

do I do 

do ' do 

do I do 

Insect  Powder ' do 

do \ do 

do i dc» 

Buhach : I do 

Persian  Insect  Powder ' do 

do I do 

Dalmatian  Insect  Powder I do 

Pj'rethrum ' do 

Persian  Insect  Powder ' do 

Blacic  Flag  Insect  Powder ' do 


P>'iethrum  . 

do 

Insect  Powder 

Persian  Inftect  Powder 

Insect  Powder 

....do 

....do 

....do 

Dalmatian  IiiK'Ct  Powder . 

Insect  Powder 

do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


I  Dalmatian  Insect  Powder I do . 

Buhach ' do . 

P>'rethrum I do  . 

'  Insect  Powder i do . 


Chromium.       Lead. 


Present... 
Absent  ... 
Present... 
Absent  . . . 
Present... 
Absent ... 

do.... 

....do.... 

do.... 

....do.... 
....do.... 
....do.... 
....do.... 

do.... 

Present . . . 
....do.... 
Absent ... 
....do.... 
Present... 
Absent . . . 

do.... 

....do.... 
Present.... 
....do.... 
Absent . . . 
Present... 
Absent  ... 
....do.... 
....do.... 
....do.... 
....do.... 

do ... . 

do.... 

do 

....do 

do 

Present . 

Absent 

....do 

do 

Present. 

Absent 

....do 

do 

do 

do 

do 

do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do.... 

Present . . . 

do.... 

Absent  ... 
....do.... 
Present... 
Absent  ... 
....do.... 
....do.... 
Present... 
.\bsent  ... 
....do.... 
....do.... 
....do.... 
....do.... 

do.... 

....do.... 
....do.... 

do.... 

do.... 

do.... 

do.... 


Chromium 
trioxid 

(Cr03). 


Per  cent. 
.068 


.068 


Absent . . . 
....do.... 
....do.... 
Present... 

Absent  ... 


Present . . . 

do.... 

Absent  ... 

do.... 

Present... 
Absent  ... 
....do.... 
....do.... 
Present . . , 
Absent  ... 

do.... 

....do.... 
....do.... 
do.... 

do 

do 

.do 


.124 
.102 


.186 


Per  cent. 


.22 


.251 
.365 


.421 


.81 
1.18 


1.36 


t...|              .090 
t  ...1 

.29 

t...               .043 

.14 

1 

''l.V.'.'.V",' 

■"'\ 

1 

1 

\ 

.056  , 


.12 

.18 


.186 


.362 


1.17 


a  See  correspondence  with  manufacturers,  p.  20. 
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Table  II. — Examinalion  of  pyrethrum  po^vders  for  coloring  matter — Continued. 


Serial 
No. 

Name. 

Chromium. 

Absent . . . 
Present... 
Absent... 
do.... 

Lead. 

Absent . . 
Present-. 
Absent .. 

Chromium 
1     trioxid 
(CrO,). 

1    ]*€rrent 

;••••  ■•;o46' 

Lead  chro- 
ma te 
(PbCrO^). 

496 

Insect  powder 

/Vr  cent. 

S09 

Pyretbrum 

15 

ftlO 

Persian  Insect  Powder 

511 

Pyretbrum 

do... 

do... 

do... 

.....do... 

do  . . . 

do... 

do... 

do... 

'i 

512 
513 
591 
592 
593 
594 
642 

I>&lmatian  Insect  Powder 

Buhach , 

do 

do 

Persian  Insect  Powder 

Buhach 

Pyretbrum 

Insect  Powder 

do 

Persian  Insect  Powder 

Buhach 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do 

do.... 

do.... 





647 

do... 

648 

do... 

&t9 

do... 

693 

do... 

694 

Insect  Powder 

Persian  Insect  Powder 

do 

Insect  Powder 

Persian  Insect  Powder 

do.... 

do.... 

do.... 

do.... 

Present . . . 

do... 

695 

do... 

696 

do... 

697 
a  19630 

do... 

Present.. 

'. .'j.^V 

i.'47 

a  General  index  number. 

A  glance  at  this  table  shows  that  wherever  the  |>owders  are  colored 
by  a  foreign  substance  lead  chromate  is  the  compound  used.  Nine- 
teen of  the  105  samples,  or  18  per  cent,  were  colored  by  lead  chromate, 
the  amount  of  which  varied  from  0.12  to  1.47  per  cent. 

Of  the  adulterated  samples,  5  were  sold  under  the  name  of  Dalmatian 
Insect  Powder,  5  under  the  name  of  Persian  In.sect  Powder,  7  under 
the  name  of  pyretbrum,  and  2  simply  as  insect  powder.  It  is  also 
evident  from  Tables  I  and  II  that  some  firms  are  sending  out  two 
grades  of  pyretbrum,  one  containing  lead  chromate  and  the  other  not 
containing  that  substance.  It  is  unfortunate  that  the  names  of  all 
those  who  originally  prepared  the  above  samples  could  not  be  obtained 
«ince  the  powders  containing  the  largest  amount  of  lead  chromate  lack 
the  name  of  the  manufacturer  with  surprising  regularity. 

It  seems  hardly  necessar3'  to  call  attention  to  the  widespread  harm 
that  is  undoubtedh'  caused  b^^  powders  thus  colored.  They  are  sold 
in  all  parts  of  the  country  and  are  especially  advocated  to  kill  or  drive 
away  flies,  fleas,  cockroaches,  and  other  household  pests,  and  thus  they 
are  used  principally  in  the  home.  Consequently  the}"  are  breathed  by 
many  people  for  days  and  weeks  at  a  time.  Such  powders  not  only 
possess  the  poisonous  characteristics  of  nearh'  all  lead  salts,  but  in 
addition  have  the  toxic  properties  of  chromic  acid.  It  would  appear, 
therefore,  that  the  influence  of  lead  chromate  day  by  day  no  doubt 
occasions  many  of  the  mysterious  cases  of  lead  poisoning  in  which  it 
seems  impossible  for  the  physician  to  find  the  source  of  the  lead  taken 
into  the  system. 

CORRESPONDENCE   WITH    MANUFACTURERS. 

In  order  that  the  manufacturers  might  have  an  opportunity  to  com- 
ment upon  the  analyses  before  they  were  published,  a  circular  letter 


Digitized  by 


Google 


20  INSECTICIDE    STUDIE8. 

was  sent  to  each  one  whose  goods  had  been  examined,  giving  him  the 
results  of  our  analysis  and  asking  for  an}'  comments  that  he  might 
desire  to  make.  Such  parts  of  the  answers  as  throw^  any  lighc  upon 
the  subject  are  given,  as  follows: 

Serial  Xo.  S40. 

*  *  *  You  say  that  the  Varoter-Boggs  Drug  Company,  of  Lafayette,  Iiul.,  fur- 
nished you  with  a  sample  of  our  insect  powder  containing  0.29  percent  of  lead  chro- 
mate.  If  such  is  the  ca.««e,  they  adde<i  the  lead  chromate  themselves,  as  we  ilo  not 
use  it.  We  do  not  color  our  insect  powder,  but  leave  that  for  the  customers  to  do  if 
their  trade  demands  a  highly  colored  powder. 

Allaire,  Woodward  <fe  Co. 

(oinment:  It  appears  that  the  aliove  sample  was  pro])ably  colored 
after  it  left  the  hands  of  the  manufacturer,  since  seven  other  samples 
of  Allaire,  Woodward  &  Co/s  goods  (Nos.  2tJl),  271,  280,  281.  394,  496, 
and  591)  contained  no  lead  chromate. 

Serial  Xo.  ,?7.L 

*  *  *  From  the  manager  of  our  imiM)rting  department  we  also  receive  the  posi- 
tive assurance  that  the  jx>wder  entering  into  your  sample  No.  27.S  could  not  possibly 
have  contained  lead  chromate  as  it  left  the  hands  of  his  department.  It  goes  without 
saying  that  we  never  add  lead  chromate  or  any  other  foreign  substance  to  our  insect 
lK)wder  and  that  the  adulteration  which  you  report  must  have  been  delil)erately  put 
into  it  by  some  interested  person  after  it  pas.-*ed  out  of  our  i)ossi\*»sion. 

Parke,  Davis  &  Co. 

Comment:  It  appears  from  investigations  which  have  been  made 
that  the  above  sample  received  the  lead  chromate  after  it  left  the 
hands  of  the  mamifacturer  named,  if  indeed  it  were  manufactured  by 
the  firm  originally.  Fourteen  other  samples  of  Parke,  Davis  &  Co.'s 
goods  (Xos.  272,313,  831,  334,  385,  391,  4i>2,  403,  510,  511,  ♦>47,  648, 
049,  ()94)  contained  no  lead  chromate. 

St  rial  Xo.  S^fl. 

*  *  *  Messrs.  R.  D.  Stearns  &  Co.,  Burlington,  Vt.,  are  in  error  as  to  the  source 
of  the  Persian  insect  powder  which  they  furnished  your  representative,  stating  that  it 
came  from  our  tirm,  and  we  have  written  them  to  that  effect  and  aske<l  lor  an  expla- 
nation. We  have  examined  their  entire  account  for  the  year  1902,  an<l  positively 
state  that  they  did  not  purchase  any  insect  powder  of  us,  and  if  they  had  it  would 
have  been  found  to  Ini  perfectly  pure,  Jis  we  do  not  allow  any  adulteration  of  Persian 
))owder  sold  by  us. 

ScniEFFELIN'    <fe   (\). 

Comment:  It  is  probable  that  the  retailer  made  a  mistake  in  giving 
the  source  of  his  insect  powder,  since  another  .sample  furnished  by 
Schieffelin  &  Co.  (No.  279)  contained  no  lead  chromate. 

Strrial  Xo.  SIO. 

*  *  *  AVe  presume  that  this  analysis  is  approximately  correct,  and  that  therefore 
there  is  foreign  matter  in  the  insect  powder  amounting  to  a  little  over  one-half  of  1  \^r 
cent.     This  additional   matter  is  un<loubtedly  adde<l,  not  for  the  pur}x>se  of  adul- 


Digitized  by 


Google 


PYRETHRUM   POWDERS    CONTAINING    POISONOUS    METALS.       21 

teiation,  but  for  the  purpose  of  brightening  the  color  of  the  good*?.  *  ♦  *  Until 
recent  years  it  was  the  custom  to  sell  only  colored  insect  powder,  which,  of  course, 
required  the  addition  of  a  considerable  percentage  of  coloring  matter.  Some  years 
ago,  however,  we  and  some  others  decided  that  we  would  endeavor  to  educate  the 
trade  to  accept  only  a  strictly  pure  insect  powder,  uncolored,  and  we  now  supply  the 
colored  only,  we  believe,  to  one  customer,  who  insists  on  getting  the  same.  *  *  * 
The  particular  lot  of  which  you  sent  us  the  test,  however,  is  not  of  our  own  powdering. 
Last  year  there  was  a  sudden  and  very  large  advance  in  the  price  of  insect  flowers, 
and  we  therefore  bought  in  this  country  the  insect  powder  of  a  brand  that  has  been 
held  to  be  one  of  the  most  reliable  and  has  had  an  established  reputation  lor  over 
fifty  years.  The  exceedingly  small  amount  of  foreign  matter  added,  amounting  to  a 
little  over  0.5  per  cent,  proves  conclusively  that  the  object  was  not  to  adulterate  the 
powder. 

Smith,  Kline  &  French  Co. 
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II.  A  COMPILATION  OF  ANALYSES  OF  INSECTICIDES  AND 

FUNGICIDES." 


IKTRODUCTIOK. 

In  a  recent  publication*  of  the  Bureau  of  Chemistry  analyses  of  all 
the  insecticides  and  fungicides  that  could  be  obtained  on  the  American 
market  were  given,  together  with  such  remarks  concerning  their  effect- 
iveness as  the  results  seemed  to  justify.  It  was  originally  intended 
that  all  of  the  analyses  which  had  previously  been  made  by  the  various 
experiment  stations  should^  be  included  in  that  bulletin.  By  reason, 
however,  of  unavoidable  delays,  two  years  passed  between  the  time  of 
collecting  the  samples  and  the  time  of  completing  the  anal^'ses.  Since 
results  of  this  kind,  to  be  of  the  most  value,  should  be  published  at 
once,  it  was  thought  desirable  to  reserve  the  compilation  of  results 
obtained  in  the  various  States  for  a  future  publication.  This  article 
therefore  includes  a  compilation  of  analyses  of  insecticides  and  fungi- 
cides made  by  the  various  experiment  stations,  together  with  a  few 
analyses  made  by  the  Bureau  of  Chemistry  since  the  publication  of 
Bulletin  68. 

The  insec^ticides  are  arranged  in  groups,  as  in  the  previous  bulletin, 
with  the  addition  of  two  or  three  classes  not  taken  up  in  that  publica- 
tion, and  the  omission  of  a  few  classes  not  examined  by  the  experi- 
ment stations.  Thev  will  be  considered  in  the  following  order:  (1) 
Paris  greens;  (2)  London  purples;  (3)  insecticides  and  fungicides,  other 
than  Paris  greens  and  London  pui-ples,  that  contain  arsenic,  copper, 
or  both:  (4)  soaps;  (5)  lyes;  (6)  hellebores;  (7)  mixtures  containing 
borax:  (8)  tobacco  extract^:  (1>)  formalins;  (10)  petroleums;  (11)  mis- 
cellaneous solid  insecticides  and  fungicides,  and  (12)  miscellaneous 
liquid  insecticides  and  fungicides. 

SOTTBCES  OF  ANALYSES  AND  DESCRIPTION  OF  SAMPLES. 

Table  I,  on  the  following  pages,  is  introduced  to  show  the  publica- 
tions from  which  the  analyses  were  taken  and,  when  possible,  the  names 
of  the  manufacturers  of  the  various  compounds. 


«  No  reeponsibility  is  assumed  by  the  Dej)artinent  for  the  correctness  of  compiled 
analyses,  not  made  within  the  Department  itself. 

'^U.  S.  Dept.  Apr.,  Bureau  of  Chemistry  Bui.  68,  The  Chemical  Composition  of 
Insecticides  and  Fungicides. 
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PARIS   GREENS. 

The  analyses  of  a  large  number  of  samples  of  Paris  Green  are  given 
in  Table  II,  together  with  notes  that  aid  in  explaining  the  methods 
of  analysis  used.  Whenever  the  method  of  analysis  was  given  in  the 
original  publication  it  is  quoted  in  full,  not  only  in  this  table,  but 
throughout  the  bulletin,  in  order  that  the  reader  may  judge  for  him- 
self of  its  accuracy.  In  a  number  of  cases  in  which  only  one  or  two 
constituents  were  determined  in  samples  of  Paris  greens  the  average 
of  all  the  results  is  given,  mentioning,  however,  the  number  that  fall 
below  the  generally  accepted  standard  for  such  goods. 


The  method  of  determining  arsenious  oxid  in  samples  Nos.  1  to  6, 
incUisive,  was  as  follows: 

AVeigli  1  gram  of  the  niat+rial  int<3  a  l>eaker,  a<ld  80  vc  of  stronjjj  hydrochloric  acid 
and  di^et^t  at  a  teiii])erature  below  the  boiling  point,  adding  small  (luantitienof  KClOg 
at  frecjuent  interval.^.  Continue  heating  until  the  odor  of  chlorin  hm*  disapi>eared, 
dilute  with  water,  add  ammonia  in  slight  exce^'S,  cool,  add  magnesia  mixture  drop 
by  drop,  stirring  vigorously,  and  let  stand  twelve  hours.  Filter,  wash  with  ammonia 
water,  an4l  dry.  Detach  precipitate  from  filter  and  ignite  filter,  using  annnonium 
nitrate.  Transfer  the  precipitate  to  a  porcelain  crucible  and  heat  for  a  while  on  an 
iron  plate  and  finally  in  the  direct  fiame.  Add  filter  ash  and  weigh  as  magnesium 
pyro-arsenate. 

In  samples  Nos.  ol  to  55,  inclusive  (19  samples),  the  following  method 
was  used  for  determining  soluble  arsenious  oxid: 

Allow  0.5  gram  of  the  green  to  stand  in  ausj)ension  in  50  cc  of  distilled  water  in  a 
stopjjered  cylinder  for  one  week,  with  occasional  shaking,  and  titrate  an  aliquot 
liltere<i  portion  of  this  solution  for  arsenious  oxid. 

The  method  for  determining  total  arsenious  oxid  in  samples  Nos.  ('9t 
to  SO,  inclusive,  was  practically  the  same  as  that  used  for  samples  Nos. 
1  to  <),  inclusive. 

In  determining  total  arsenious  oxid  in  samples  Nos.  198  to  204, 
inclusive  (02  samples),  the  method  given  in  Bulletin  68,  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture,  for  the  total  arsenious 
oxid  in  Paris  Green  was  used.  In  determining  copper  the  electro- 
lytic method  was  used.  In  determining  soluble  arsenious  oxid  1  gram 
was  susiKuided  in  1,000  cc  of  water  and  allowed  to  stand  over  twenty- 
four  hours  in  a  stoppered  flask,  with  occasional  shaking.  The  arsenious 
oxid  going  into  solution  was  titrated  with  iodin  solution. 

The  soluble  arsenious  oxid  in  sample  No.  285  was  determined  by 
extracting  1  gram  of  Paris  Green  with  4(MJ  cc  of  water  for  nine 
days,  with  occasional  shaking,  and  titrating  the  arsenious  oxid  in  an 
aliijuot  portion  of  the  resulting  solution  with  iodin. 
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COMMENT   OX    AXAJA'8Ki!. 

A  glance  at  Table  II  at  once  makes  it  apparent  that  only  1  sample 
out  of  more  than  650  examined  contains  neither  copper,  acetic  a^id, 
nor  arsenious  oxid— this  is  sample  No.  7.  One  other  sample,  No.  159, 
consists  of  about  equal  parts  Paris  Green  and  some  insoluble  material 
that  appears  to  be  cla}'  or  infusorial  eai-th.  Out  of  the  total  number 
examined  31  contained  less  than  60  per  cent  arsenious  oxid.  It  will 
be  noted,  however,  that  a  number  of  these  samples  said  to  contain  less 
than  50  per  cent  arsenious  oxid  were  analyzed  b}-  a  method  (the 
magnesium  pyro-arsenate  method)  that  has  since  been  shown  to  give 
results  about  1  per  cent  low.  If  a  more  accurate  method  of  analysis 
had  been  used,  the  number  falling  below  50  per  cent  arsenious  oxid 
would  very  likely  be  materially  diminished.  It  also  appears  that  the 
Western  States  receive  more  of  those  samples  that  contain  small  per- 
centages of  arsenious  oxid  than  do  the  Northern  States. 

The  State  of  Louisiana,  which  previous  to  1899  occasionally  received 
samples  containing  small  percentages  of  arsenious  oxid,  does  not 
seem  to  have  had  any  upon  the  market  during  1899  and  1900.  Out  of 
96  samples  of  Paris. Green  examined  in  New  York  State  during  the 
j-eai's  1899  to  1901,  inclusive,  none  was  found  that  contained  less  than 
50  per  cent  arsenious  oxid.  In  both  California  and  Oregon,  until  a 
veiT  recent  date,  quite  a  large  amount  of  the  Paris  Green  on  the 
market  contained  small  percentages  of  arsenious  oxid,  although  it  is 
said  that  this  condition  has  been  very  much  improved  during  the  last 
two  years. 

Concerning  soluble  arsenious  oxid  in  Paris  greens,  it  appears  that 
those  upon  the  market  in  California  until  recentl}^  contained  very 
large  quantities,  those  in  Idaho  were  very  fair,  only  2  out  of  19  con- 
taining more  than  4  per  cent,  those  in  Illinois,  Montana,  and  Texas 
contained  very  small  percentages,  and  those  in  New  York  the  same, 
only  1  out  of  90  containing  more  than  4  per  cent.  This  one  was 
sample  No.  204,  containing  15.69  per  cent  of  free  arsenious  oxid. 

It  must  be  borne  in  mind,  however,  in  looking  over  the  figures  for 
free  arsenious  oxid  that  the  results  in  one  State  can  not  be  compared 
with  those  in  another,  since  the  methods  of  analysis  were  very  likely 
different  in  ever}'  case  and  would  lead  to  entirely  different  results. 
It  may  be  of  interest  to  those  who  have  not  read  the  previous  bulle- 
tin of  the  Bureau  of  Chemistry  on  this  subject  to  mention  that  out  of 
the  45  samples  of  Paris  Green,  from  all  parts  of  the  United  States, 
which  were  examined  71  per  cent  contained  more  than  4  per  cent 
of  soluble  arsenious  oxid  and  16  per  cent  contained  more  than  6 
per  cent  of  arsenious  oxid  when  a  ten-da}^  extraction  of  1  gram  with 
1,000  cc  of  water  was  made.  In  view  of  the  facts  brought  out  in 
that  bulletin,  a  6  per  cent,  rather  than  a  4  per  cent,  linut  for  soluble 
arsenious  oxid  was  advocated  when  the  above  method  of  analysis 
was  employed. 
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From  the  figures  given  above,  together  with  information  received 
from  the  various  States,  it  appears  that  upon  the  whole  the  purity  of 
the  Paris  greens  upon  the  American  market  is  steadily  and  i*apidly 
upon  the  increase. 

LONDON,  ENGLISH,  AND  PARIS  PURPLES. 

The  analyses  of  10  samples  of  London  Pui^ple,  1  sample  of  English 
Purple,  and  3  samples  of  Paris  Purple  are  given  in  the  following  table 
(III).  All  of  these  are  products  obtained  by  boiling  a  waste  product 
from  the  analine-dye  industry  with  lime.  Since  it  was  not  known  at 
the  time  these  analyses  were  made  that  the  arsenic  was  present,  both 
as  arsenious'and  arsenic  acids,  the  total  arsenic  was  determined  and 
reported  as  arsenious  oxid,  only  the  soluble  arsenious  oxid  being  deter- 
mined, instead  of  both  soluble  arsenic  and  arsenious  oxids. 

Table  III. — Compofdtion  of  London  purples  and  closely  allied  mixtures. 


1 

Sam- 
ple 
No. 

Name. 

Moisture. 

Arseni- 
ous oxid 

(A9»Oh). 

Calcium 
oxld 
(GaO). 

Ferric 
oxid  and 
alumina 

(FejOa 
and 

AUOs). 

Sulphur 
trioxid 
(SOg). 

Dye. 

Soluble 

arsenious 

oxid 

(As^3). 

148 

London  Purple 

Percent. 

Percent. 
51.43 
37.18 
37.56 
41.44 
32.^8 
82.82 
42.60 
46.73 
31.90 
81.50 
36.75 
47.05 
34.10 
38.72 

Percent. 

Percent. 

Percent. 

Percent  , 

Percent 
0.54 

149 

do 

1 

2.58 

].>3 

do 

175 
195 

do 

do 

3.27 

24.32 

3.87 

0.81 

27.29 

(«) 

268 

do 

i ' ! 

12,21 

284 

do 

do 

do 



3.99 
3.37 

287 

24.35 

^25.78 

L31 

..« 

302 

.- ...1 

803 

do 

d25.00 

178 

Enj?li8h  Purple 

5  36 

179 

Parw  Purple 

11.86 

180 

do 

13  ^8 

288 

do 

6.05 

4-55  1          4.76 

'.91 

rt  A  portion  digested  40  hours  with  water  at  room  temperature  gave  8.11  per  cent  arsenious  oxid  and 
2.85  per  cent  soluble  calcium  oxid.  A  portion  digested  with  hot  water  until  all  the  soluble  arsenious 
oxia  had  di.saolved  gave  16.45  per  cent  soluble  arsenious  oxid  and  3.26  per  cent  soluble  calcium  oxid. 

b  Also  contains  1.65  per  cent  nitrogen.' 

<'This  analy.sis  was  made  in  accoitlance  with  the  Texas  law  regulating  the  sale  of  Paris  Green  and 
other  insecticides  and  is  good  only  until  May  1,  1903. 

d  Made  in  accordance  with  Texas  law,  but  good  only  until  Ma^*  1,  1902. 

e  Also  contained  2.8  per  cent  nitrogen  and  0.57  per  cent  potassium  oxid. 

It  will  at  once  be  noted  that  the  variation  in  the  amount  of  arsenic 
in  different  sampler  of  London  Purple  and  Paris  Purple  is  very  large. 
In  the  case  of  11  samples  examined  more  recently  in  this  Bureau  (pub- 
lished in  Bulletin  68)  this  variation  in  the  arsenic  content  is  not 
nearly  so  great.  It  would,  therefore,  appear  that  the  amount  of  this 
constituent  in  such  goods  is  becoming  more  constant  in  the  more 
recently  manufactured  samples. 

The  figures  for  soluble  arsenious  oxid  can  not  be  compared  with 
those  obtained  more  recently  in  this  laboratory,  since  the  soluble 
arsenic  oxid  was  not  determined  in  the  earlier  analyses,  and  it  is  only 
when  both  figures  are  at  hand  that  any  conclusions  of  a  positive  natui'e 
can  be  drawn. 
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INSECTICIDES  AND  FUNGICIDES,  OTHER  THAN  PARIS  GREEN  AND  TX)NDON 
PURPLE,  THAT  CONTAIN  ARSENIC,  COPPER,  OR  BOTH,  AS  THEIR  ACTIVE 
CONSTITUENTS. 

In  Table  IV  is  given  a  compilation  of  analyses  of  Green  Arsenoid, 
Green  Arsenite,  Paragrene,  Laurel  Green,  and  White  Arsenic,  together 
with  two  analyses  of  White  Ai*senic  made  in  this  laborator3\ 


Table  IV.- 


-Oomposition  of  Green  Arsenoidy  Green  Arsenite ,  Puragreiie,  Txiurel  Green, 
and  White  Arsenic. 


Sample  No. 


29a 

90 

189 

190 

220 

186 

800 

68 

186 

193 

194 

221 

92 

182 

191 

196C 

266 

267 

306d 

142(I.&W.)«. 
143(L&W.)«. 


Name. 


I  I     Total    I 

Moisture>'^J,^S^«, 

I  (AftOa).  ! 


calcium  I  Sulphur'!  ^j"^„Je 
(CuO).       (CaO).        (SO,).       (^»f^j 


^SSff 


Green  Anenoid. 

...,<lo 

....do 

....do.  [No. 58]  . 

do 

Green  .\rBenite  . 
;ne 


Percent.    Percent,    l^rccnt.    Percent.    Percent.     Percent. 


2.77  . 
1.44  I 


1.91 


Parurren 


do 

.do. 

do  , 

do  . 

Laurel  Green 

do 

Laurel  Green  ( special  j 

Laurel  Green 

do 

do 

White  Arsenic 

....do 

.....do 


8.  .5 
7.64 


43 


28. 8;^   . 
31.90  '■ 
29.29  1. 
29.43   , 
30.76    . 
31.59    . 
28.46    . 
19.92 
27.68    . 
18.08  1. 
21.  W  :. 
17.87  ! 
13.50  1 
12.52    . 
4.50  1 
11.50    . 
12.68    . 
12.05    . 
1 

' 

7.82 

1.55   1 
3.70   ! 

8.53 

8.33 

2.94 

8.70 

2.36 

23.06 

13.81 

1 

1.34, 

3.21 

. 

14.20 
26.31 

1.47 

i 

35.39 

1.15 

.   .     . 

.00 

.00 

l'. 

1 

1 

nThe  following  constituents  were  al.so  present:  Silica,  0.40  per  cent;  organic  matter,  6.67  per  cent. 

Mn  wmple  No.  80  the  following  constituents  were  also  present:  Acetic  acid.  6.72  per  cent;  calcium 
sulphate,  19.31  per  cent;  Fodium  sulphate,  2.26  per  cent;  sodium  chlorid,  0.25  per  cent;  ferric  oxid, 
0.20  per  cent. 

c  Large  amounts  of  calcium  carbonate  and  hydrate  were  also  present. 

dTHis  analysis  was  made  in  accordance  with  the  Texas  law  regulating  the  sale  of  Paris  Green  and 
other  insecticides  and  is  good  only  until  May  1, 1902. 

«The  method  of  analysis  used  is  that  described  for  total  arsenious  oxid  in  Paris  Green  in  Bulletin 
68  of  this  Bureau. 

The  figures  obtained  by  different  analysts  for  Green  Arsenoid,  Para- 
grene,  and  Laurel  Green  show  that  the  composition  of  these  substances 
is  very  variable,  especially  as  to  the  content  of  arsenious  oxid,  which 
varies  in  the  first  case  from  50.77  per  cent  to  61.43  per  cent,  in  the 
second  from  19.31  per  cent  to  55.57  per  cent,  and  in  the  third  from 
3.83  per  cent  to  42.69  per  cent.  The  figures  obtained'  for  soluble 
arsenious  oxid,  here  as  elsewhere  in  this  compilation,  can  not  be  com- 
pared, since  the  methods  of  extraction  were  very  likely  different, 

The  two  samples  of  White  Arsenic  analyzed  in  this  laboratory  were 
received  from  Boise  City,  Idaho,  by  the  Division  of  Entomology. 
They  are  both  evidently  of  exceptional  purity  and  will  give  good 
results  when  used  for  preparing  Calcium  Arsenite,  the  purpose  for 
which  they  were  purchased. 
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WHITE    .\RKENOID8. 

Table  V. — Composition  of  White  Arsenoid*. 


Con.stltuonts. 


Barium  oxid 

Barium  to  join  with  ehlorin. 

Lend  oxid 

Carbon  dioxid 

Chlorin 

Silica 

Arsenious  oxid 

Moisture 


Soluble  nrseniouM  oxid. 


Sample     Sample 
No.  27.       No.  91. 


rcent. 

Per  cent. 

42. 39  J 
8.60^ 

41.43 

6.16 

1.65 

.96 

10. 15 

8.92 

4.45 

3.19 

.20 

27.64 

31.90 

4.00 

2.35 

PARIS    (vREEN    AXI)    BORDEAUX    MIXTCRE. 

The  composition  of  this  sample,  No.  270,  was  as  follows: 

Per  cent. 

Total  arsenious  oxid 15. 49 

Copper  oxid 16. 02 

Soluble  arsenious  oxid 1.  72 

SLl'G   SHOTS. 

Table  VI. — Composition  of  Slug  Shots. 


Constituent."*. 

Sample 
No.  181. 

J'er  cent. 
0.60 
1.44 

Sample 
No.  290. 

/Vr  rent. 

1.58 

.60 

80.25 

43.02 

.79 

2.83 

1.38 

4.79 

Sample 
No.  307. 

Arsenious  oxid 

Percent 

Copper  oxid 

Lime 

28  82 

Sulphur  triox  id 

41  18 

Ferric  oxid  and  alumina 

Sodium  chlorid 

Insoluble 

Volatile  organic  matter  (bv  difference) 

The  sodium  chlorid  in  sample  No.  290  was  calculated  from  a  content 
of  1.72  per  cent  of  chlorin.  The  volatile  organic  matter  in  this  sample 
consisted  principally  of  dead  oil. 

In  sample  No.  307  small  amounts  of  sulphur,  copper  sulphate,  oxid 
of  iron,  carbolic  acid,  and  tobacco,  with  less  than  1  per  cent  of  arsenic, 
were  also  present. 

Slug  Shot  is  evidently  a  mixture  of  fairly  constant  composition  con- 
taining in  all  cases  small  amounts  of  arsenious  oxid  and  copper  oxid 
as  active  poisonous  constituents. 

PEROXID  OF  81LICATE.S. 

■  Table  VII. — Comj>ositioji  of  ptroxid  of  tnlicntes. 


Constituents. 


Sample 
No.  135. 


Sample 
No.  289. 


Moisture 

Ansenlou.s  oxid 

Copper  oxid 

Sulphur  trioxid 

Calcium  oxid 

Insol  uble 

Ferric  oxid  and  alumina 

Organic  and  volatile  matter  (by  difference) . 


Per  cent.  ,  Per  cnU. 

1.65  !  1.44 

.57  .  1.47 

.33  .28 

49.66  52.29 

41.18  36.43 

i         2.31  ,  1.93 

' 1.40 

4.76 
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This  mixture  evidentl}'  contains  arsenious  oxid  and  copper  as  the 
active  constituents,  diluted  with  a  large  amount  of  gypsum.  In  so  far 
as  the  arsenious  oxid  and  copper  content  are  concerned,  this  mixture 
is  of  value  as  an  insecticide;  but  the  gypsum  is  inert  in  its  action  upon 
insects,  except  that  when  the  spiracles  are  not  well  protected  they  may 
be  closed  up  with  this  or  any  other  fine  dust. 

BLACK    DEATH. 

ComimitUfon  of  Bfacl  Death. 

[No.  2-22.] 

Per  cent. 

Moisture 9.78 

Sulphate  of  lime  (gypsuui ) 45. 34 

Magnesium  oxid 3. 98 

Ferric  oxid  and  alumina 3. 02 

Arsenious  oxid 79 

Copper  oxid 41 

Silica 5.42 

Jx)ss  on  ignition 28. 91 

ENGLISH    BCO   rOMPOUNl). 

The  composition  of  this  compound,  No.  265,  is  as  follows : 

Percent. 

Arsenious  oxid 1 .  46 

Copper  oxid 60 

ORIENTAL   FERTILIZER   ANI>   Bl'G    DESTROYER. 

[No.  136.] 

Comjxmtion  of  f^riental  Feri'dizer  and  Bug  Destroyer. 

Per  cent. 

Water 37. 14 

Total  solids 12. 86 

Arsenic  oxid 2.  38 

Potassium  oxid 3. 50 

Sodium  oxid 6.  08 

Nitrogen 67 

Chlorin 3. 00 

Sulphur  trioxid 64 

This  mixture  is  evidentl}'  sodium  and  potassium  arsenates  dissolved 
in  water.  In  so  far  as  its  content  of  arsenic  is  concerned,  it  would  be 
of  value  in  killing  insects.  It  might,  however,  if  sprayed  upon  trees, 
cause  some  damage  by  scorching,  as  the  arsenic  is  in  a  soluble  condi- 
tion. Its  fertilizing  value  is  shown  b}^  its  content  of  potash  and 
nitrogen. 

Another  sample  of  Oriental  Fertilizer  and  Bug  Destroyer,  No.  150, 
gave,  in  1,000  cc  of  liquid,  13.12  grams  of  arsenic  and  10.28  grams  of 
potassium  oxid. 
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LEAD   ARSENATE   AND   PINK    ARSENOID. 


The  analyses  of  samples  of  Lead  Arsenate  and  Pink  Arsenoid,  or 
Lead  Arsenite,  are  given  in  the  following  table: 


Table  YIII.- 

-Compomtion 

of  Lead  Arw 

na'.e  and 

Lead 
oxid 
(PhO). 

Pink  Arsenoid. 

• 

Sample 

Name. 

Moisture. 

Arsenic 
oxid 

(A8O5). 

Per  cent. 
13.28 
14.^8 

Arsenl- 
ous  oxid 

(AaO,). 

Per  c  nt. 

!  Soluble 

arsenious 

oxid 

(A*0,). 

<«  271 

Di'iMirenc 

Per  rent. 
40.40 

Per  cent. 
38.60 
89.14 
40.60 
32.34 
44.40 
44.98 
34.83 
^   49.58 
63.83 
49.09 

J 

'  Per  cent 

i 

bill 

Lead  Ar^i.ate 

C6.61 
29.00 

<*292 

do 

rf2L20 

rfSO.OO 

rfl8.00 

d  14. 70 

rf30.62 

43.26 

40.16 

49.19 

1 

'•293 

Co 

/35.30 

/31.fi0 

/37.40 

32.92 

<'294 

do 

«  295 

do 

do 



<'296 

a  28 

Pink  Arsjenoid  .... 

do... 

do 

SI 

'           3. 24 

89 

;         .3-) 

188 

1  93 

t 

a  All  the  lead  oxid  calculated  to  Pbs(  AsO^)^  leaver  an  excesa  of  0.05  per  cent  arsenic  oxid,  probably 
combined  an  sodium  arsenate. 

t>  AH  the  lead  oxid  calculated  to  Pbs(  A804)s  leave^i  an  excess  of  1.38  per  cent  arsenic  oxid.  probably 
combined  as  sodium  arsenate. 

cThis  analyfds  was  made  in  accordance  with  the  Texas  law  regulating  the  sale  of  Paris  Green  and 
other  inneeticides  and  is  good  only  until  May  1, 1903.  In  addition  to  constituents  named,  2.7  per  cen 
organic  matter  was  found. 

a  The  chemist  reported  arsenic  in  the  foIIowinji|[  ways  on  these  5  samples:  (1)  White  arsenic,  (2) 
total  arsenic,  (3)  white  arsenic,  (4)  white  arsenic.  (5)  arsenious  oxid.  These  terms  are  usually 
applied  to  arsenic  when  in  the  "ous"  condition  and  mean  so  much  As^Oa.  If  these  compounds  are 
arsenates,  as  claimed,  the  arsenic  should  be  reported  as  AS3O3.  In  several  of  the  above  analyses, 
however,  if  the  figures  as  given  were  calculated  to  ASgO^,  the  sum  total  of  the  constituents  would  be 
markedly  above  100  per  cent. 

«  Analysis  made  according  to  Texas  law,  but  good  only  until  May  1, 1902. 

/  Includes  organic  matter  also. 

0  In  addition  to  constituents  named  6.&5  per  cent  of  organic  matter,  lead  sulphate,  etc.,  was  found 

It  is  at  once  evident  that  the  variation  in  the  comix)sition  of  samples 
of  Lead  Arsenate  is  considerable,  depending  to  a  large  extent  on  the 
variation  in  the  moisture  content  and  somewhat  on  the  variation  in 
method  of  manufacture.  These  differences  in  composition  should  be 
borne  in  mind  in  using  such  compounds  for  ^spraying  purposes,  since 
some  of  them  would  not  have  the  same  insect-killing  powers  as  others 
at  the  .same  dilution.  Pink  Arsenoid,  although  somewhat  variable  in 
composition,  is  nmch  more  constant  than  is  Lead  Arsenate. 

XX,    PURPLE   POISON,    AND    INSECTICIDE. 

T.\BLE  IX. — (hmposition  of  XXj  Purple  Poison^  and  [naedicule. 


(V>nstitnents. 


^^  pSn     I  Insecticide 

(No.lh7).  l(4^^'^'^J(No.308).a 


Total  arsenious  oxid 

Calcium  oxid 

U»ad  oxid  (combined)  — 
Organic  matter  (fixed)  — 
Organic  matter  (volatile) . 
Soluble  arsienious  oxid 


Pir  cent     :    I*er  cettt.        Per  cent. 


3:^.7 


30.6 


8.00 


9.5 


15.90 

66.60 

9.50 

8.00 


«The  Purple  Poison,  sample  Xo.  304,  also  contains  coloring  matter.  The  two  analyses,  Nt«.  304  and 
SOS.  were  made  m  accordance  with  the  Texas  law  regulating  the  Kale  of  Pans  (iieen  (>*c'e  page  61) 
and  other  insecticides  and  holds  good  only  until  May  1,  1903. 
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None  of  the  three  analyses  is  sufficiently  complete  to  show  defini- 
tively the  chemical  composition  of  the  compound  examined,  although 
from  the  data  a^  given  the  Purple  Poison  appears  to  be  at  least  par- 
tially composed  of  London  Purple  or  some  closely  allied  product. 

COPPER   CARBONATE. 
[No.  28  I  and  W,] 

The  analysis  of  this  sample  in  the  Bureau  of  Chemistry  showed  that 
it  contained  58.24:  per  cent  of  total  copper  oxid.  It  is  basic  in  char- 
acter and  of  somewhat  variable  composition,  so  that  the  purit}^  can  not 
be  calculated  from  the  copper-oxid  content.  It  contains,  however,  a 
somewhat  smaller  amount  of  copper  oxid  than  other  samples  examined 
in  this  laboratory.  The  n^ethod  of  analysis  used  was  that  described 
in  Bulletin  68. 

FOSTITE. 

Compogition  offostite. 

[No.  280.] 

Per  cent. 

Loss  at  dull-red  heat 2. 92 

Soluble  in  aqua  regia: 

Copper  oxid 2. 98 

Ferric  oxid  and  alumina 1. 36 

Calcium  oxid 2. 31 

Magnesium  oxid 1.51 

Sulphur  trioxid 3. 28 

Silica 35 

Insoluble  in  aqua  regia 83.  77 

Soluble  in  hot  water 7. 49 

This  material  is  said  by  the  analyst  to  be  composed  of  copper  sul- 
phate and  finely  powdered  soapstone  in  the  ratio  of  approximately  1:9. 

SCLPHATINE    AND   DEATH   TO   ROSE   BUGS. 

Table  X. — Composition  of  Sulphalin^  and  Death  to  Rose  Bugs, 


Constituents. 


Moisture 

Calcium  oxid  . . . 

Copper  oxid 

Sulphur  trioxid . 

Sulphur 

Insoluble 

Ash 


(No.  120).  ,   (Xo.121). 


Per  cent.       Per  cent 

1.40  2.95 

18.60  17.76 

2.61  l.fti 

4.73  4.35 

48.28  i  34.53 

1.63  I  .49 

I  54.14 


Neither  of  the  above  substances  has  ever  been  examined  in  this 
laboratory,  but  from  the  analyses  it  would  appear  that  sulphur  and 
copper,  probably  as  copper  sulphate,  are  the  active  constituents. 
These  are  diluted  with  inert  materials,  probably  to  mitigate  their 
action  upon  the  foliage. 
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SOAPS. 


Table  XI.— Composition  of  whale-oil  soaps. 


Sample  No. 

Moisture. 

Potash 
lye. 

Soila  lye. 

171 

Per  caU. 
27.30 

71.  fie 

6.22 
6.26 

Per  cmL 
10. 55 
6.86 
13.86 
10.66 

Percent. 
7.54 

172 

4.89 

173 

9.90 

174 

7.61 

The  above  analyses  do  not  indicate  that  both  soda  and  potash  are 
present,  but  show  how  much  of  either  would  be  present  calculated 
from  the  number  of  cubic  centimeters  of  normal  acid  necessary  to 
neutralize  a  known  weight  of  soap. 


LYES. 


The  compiled  analyses  of  a  number  of  samples  of  lyes  and  the 
results  on  one  sample  (No.  24  I  &  W)  examined  in  this  laboratory  are 
given  in  Table  XII. 

Table  XII. — Com])ositi(m  of  lyes. 


Sample 
number. 

1 

Sodium 
hydrate 
(jfaOH). 

Potas- 
sium car- 
bonate 
fK^COa). 

Sodium 
chlorid 

(NaCl). 

I'^rlT     Sodium 

(NM:o3).^^'-^s^*>- 

1 

Potas-    Potas- 
sium     sium 
hy-         sul- 
drate.    phnte. 
(K0H).(KsS04) 

Per  ct.    Per  ct. 

15 

.Solid  T.VP 6  4 

Percent. 
22.7 
80.4 

Percent. 

Percent. 
66.6 
5.9 

■ 

1 
Per  cent.    Per  cent. 

16 C^oncentmted  Lvf'  1     . 5 

i3.2     

17 

Double    Concen- 
trated   Caustic 
Soda 

99.3 

18 

19a 

20b 

82 

Refined       Pearl 
Ashes 

23.8 

69.1 

•     1                  1 

Commercial  Pot- 
ash  

Canadian    Crade 
Potash 

L6 
4.5 

16.* 
71.4 

4.9 

'        14.8 

52.8           7.5 
14. 4 

2. 3    i 

Concentrated 
Potash  Lve 

.58 
1.87 

86.90 
72.01 

70.96 

7.66 

4. 85 

33<* 

Concentrated  Lye 
Royal    Concen- 
trated Lve 

16.70 

."»             4.94 

24     (I  & 

W). 

!          Jl.  17  ' 

1 1     ""■  1 "" """ 

oThe  following  constituents  were  also  determined:  2.1  per  cent  insoluble,  and  0.1  per  cent  silica. 

frThe  following  constituents  were  also  determined:  3.6  per  cent  potassium  chlorid,  and  2.7  per 
cent  insoluble. 

cThe  following  constituents  were  also  found:  0.06  per  cent  of  alumina  and  traces  of  ferric  oxid, 
magnesium  oxid,  and  insoluble. 

The  method  used  for  the  anal}  sis  of  the  Royal  Concentrated  Lye 
(No.  24  I  &  W)  is  as  follows :« 

The  lye  is  weighed  in  a  weighing  bottle,  dissolved  to  a  definite  volume  in  carbon- 
dioxid-free  water  and  aliquot  portions  taken  for  analysis.  Phenol phthalein  is 
added  to  one  of  these  portions  and  N;3  potassium  acid  sulphate  is  added  at  the  rate 
of  about  a  drop  per  second,  with  constant  stirring  until  the  pink  color  fades  and  the 
solution  becomes  (!olorless.     The  number  of  cc  of  N/3  acid  used,  "n"  represents  the 


«  Cameron.     U.  S.  Dept.  of  Agr.,  Div.  of  Soils  Bui.  18. 
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sodium  hydroxid  and  one-half  the  sodium  carbonate,  since  the  sodium  carbonate  is 
changed  to  sodium  bicarbonate  (NaHCOj).  A  drop  of  methyl  orange  is  added  and 
the  titration  continued  until  the  appearance  of  a  pink  color.  Let  this  number  of  cc 
be  represented  by  **m.'*  Since  this  last  titration  represents  the  sodium  bicarbonate 
present  or  one-half  the  sodium  carbonate,  *'2  m"  represents  all  the  sodium  carbon- 
ate, and  **n-m*'  the  sodium  hydroxid. 

The  figures  in  most  cases  explain  themselves,  although  a  few  remarks 
emphasizing  certain' points  might  not  be  out  of  place.  Sample  No.  15 
is  evidently  a  very  poor  example  of  a  soda  lye,  as  two-thirds  of  it  is 
composed  of  sodium  chlorid.  No.  16  is  a  very  fair  sample  of  caustic 
soda,  while  No.  17  is  a  most  excellent  sample  of  the  same  goods.  No. 
32  is  not  a  potash  lye,  as  it  claims  to  be,  but  a  soda  lye.  Nos.  32,  33, 
and  24  I  &  W  are  all  fair  samples  of  commercial  soda  lye. 


HELLEBORES. 
Table  XIII. — Composition  of  hellebores. 

Sample  No. 

Ash  insol- 
uble in  hy-      Total                    ^samnl^  \'n 
drochloric       ash.                      ^**™P^**  ^^• 
acid. 

Ash  insol- 
uble in  hy- 
drochloric 
acid. 

Total 
ash. 

183.... 

1                  i        * 
Per  cent.    '  Per  cent.  ' 

2.34       156 

Per  cent. 

Per  cent. 
12.00 

134 

38.12    1    157 

10. 6U 

154 

83.13  1    158 

34.00 

155 

16.00  |i 

Samples  Nos.  134,  154,  and  158  are  evidently  badly  contaminated 
with  dirt,  probably  because  the  roots  of  the  plant  were  not  properly 
cleaned.  Sample  No.  155  also  appears  to  have  a  slightly  higher  ash 
content  than  should  be  allowed  in  preparations  of  this  kind. 

MIXTURES   CONTAINING   BORAX. 

A  single  example  of  this  class  of  compounds,  the  analysis  of  which 
was  made  in  this  laboratory,  is  given  below: 

hooker' H   COCKROACH    AXD    WATER   BUG    EXTERMINATOR. 

Composition  of  Hooker* s  Cockroach  and  Water  Bug  Exterminator. 

Per  cent. 

Camphor 3. 5-4. 0 

Borax  (Na^BAlO  H,0) 92.26 

Ammonia  ( NHg) .27 

The  remainder  is  principally  organic  matter  and  appears  to  be 
tobacco.     The  ammonia  seems  to  be  present  as  ammonium  carbonate. 

In  making  an  anal^'sis  of  this  compound  the  camphor  was  deter- 
mined bj'  extracting  the  powder  with  ether,  allowing  it  to  evaporate 
at  room  temperature  and  weighing  at  once.    While  this  method  leaves 
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much  to  be  desired,  it  at  least  gives  approximate  results  when  a  large 
portion  of  the  material  is  used.  The  borax  was  determined  by  the 
same  method  as  given  in  Bulletin  08  for  similar  compounds,  except  that 
the  ammonia  was  all  driven  oflf  from  the  solution  by  boiling  before  the 
boric  acid  was  determined. 

This  mixture  would  very  likel}'  be  efficacious  in  driving  awa}^  cock- 
roaches and  water  bugs,  but  probably  it  would  not  kill  them. 

TOBACCO   EXTRACTS. 

.  The  analyses  of  five  samples  of  tobacco  extracts  are  given  in  Table 
XIV.  In  two  of  these  onl}'  the  most  important  constituent,  nicotin, 
was  determined,  while  in  one  of  them  the  determination  of  this  con- 
stituent was  not  made. 

Table  XIV. — Composition  oftofmcco  axiracts. 


Constituent8. 

Sample 
No.ll6.a 

Sample 
No.117.ft 

Sample 
No.  130. 

Percent 

Sample 
No.  131. 

Sample 
No.  132. 

Moisture 

lucent. 

37. 710 

19.420 

2.010 

.170 

2.115 

.229 

3.069 

2.308 

.404 

.207 

6.550 

Trace. 

Percent. 

40.890 

27.770 

1.730 

Percent 

Percent 
10  00 

A»lu 

Total  nitrogen 

Nitrogen  as  nitrates 

Nicotin 

.580 

.017 

1.466 

1.121 

.057 

.525 

16.340 

4.55 

4.82 

Ferric  oxid  and  alumina 

Calcium  oxid 

4.45 

Magnesium  oxid 

Phosphorus  nentoxld 

Sodium  oxid 

Potassium  oxid : 

9.15 

Insoluble 

2.12 

a  Specific  gravity,  1.8858. 


ft  Specific  gravity,  1.3777. 


In  the  first  four  of  these  samples  the  nicotin  figure  is  much  too  low 
for  a  good  tobacco  extract;  especially  is  this  true  of  the  first  two. 


FORMALINS. 


The  analysis  of  three  samples  of  formalin,  and  the  avemge  of  the 
results  obtained  on  five  samples,  together  with  one  analysis  made  in 
this  laboratory,  are  given  in  the  following  table: 


Tablk  XY.- 

-  ( 'om])Otfition  of  formal iui<. 

Formal 

Sample  No. 

dehyde. 

65  ..  .                  

;  By  weight. 

P(r  crnt. 
36.9 
37.0 
3S  9 
«3<..69 
37.18 

By  volume. 

/Vr  cent. 
40.8 

6tJ 

40.0 

67       .. 

41.9 

(W 

26  (1&  VV) 

u  Average  of  5  samples. 

Digitized  by 


Google 


ANALYSES    OF   INSECTICIDES    AND   FUNGICIDES. 


49 


The  method  used  for  determining  formaldehyde  in  samples  65  to  68^ 
inclusive,  is  as  follows:  ^ 

Fifteen  cubic  centimeters  of  X/10  AgNO,  are  treated  with  5  drops  of  60  per  (^ent 
nitric  acid  in  a  50  cc  flask.  Ten  cc  of  a  solution  of  i)otas8iuin  cyanid  (containing  8.1 
grams  of  96  per  cent  potassium  cyanid  in  500  cc  of  water)  are  then  added,  the  flask 
filled  to  the  mark  with  distilled  water,  well  shaken,  and  an  aliquot  portion  of  the 
filtrate,  say  25  cc,  titrated  according  to  the  method  of  Volhart  with  a  N/10  solution 
of  ammonium  sulphocyanate  for  the  excess  of  silver. 

Another  15  cc  portion  of  N/10  AgNOj  is  treated  with  5  drops  of  50  per  cent  nitric 
acid  and  10  cc  of  the  potassium  cyanid  solution,  to  which  has  been  added  a  known 
amount  of  the  formalin  solution.  The  whole  i.s  made  up  to  50  cc,  and  a  25  cc  filtrate 
from  it  titrated  with  N/10  ammonium  sulphocyanate,  the  same  as  before  for  the 
excess  of  silver.  _  The  difference  between  these  two  results  gives  the  amount  of 
potassium  cyanid  that  has  been  used  by  the  formaldehyde  in  terms  of  N/10  ammo- 
nium sulphocyanate,  and  since  each  cubic  centimeter  of  this  is  equal  to  3  milligrams 
of  formaldehyde,  we  can  obtain  the  amount  of  formaldehyde  that  has  been  acted 
upon  by  the  i)otassium  cyanid. 

The  method  used  in  the  analysis  of  sample  No.  26,  examined  in  this 
laboratory,  is  as  follows: 

About  3  grams  of  the  solution  is  weighed  into  a  tall  Erlenmeyer  flask  containing 
25  to  30  cc  of  double  normal  sodium  hydroxid.  Fifty  cc  of  pure  2.5  to  3  per  cent 
fresh  hydrogen  peroxid  is  then  gradually  added,  during  a  space  of  three  minutes, 
through  a  funnel  placed  in  the  neck  of  the  flask  to  prevent  spurting.  After  stand- 
ing ten  minutes  the  funnel  is  washed  with  water  and  the  unused  sodium  hydroxid 
titrated  with  double  normal  sulphuric  acid,  using  litmus  as  indicator.  By  this 
method  the  formaldehyde  is  oxydized  to  formic  acid,  which  is  neutralized  by  the 
sodium  hydroxid  present. 

While  samples  Nos.  65,  Q6,  67,  and  26  I  &  W  all  contain  less  than 
40  per  cent  formaldehyde  b}^  weight  they  contain  40  per  cent  or  over 
by  volume,  so  that  the  manufacturers  are  perfect!}'  correct  in  claim- 
ing that  their  goods  contain  as  nmch  as  40  per  cent  of  formaldehyde. 

PETROLEUMS. 

The  results  obtained  by  fractionally  distilling  four  samples  of  crude 
petroleum  are  given  in  the  following  table: 

Table  XVI. — Cbmpoeeition  of  crude  petroleum. 


Temperature. 


Below  50°  C... 

50O-70°C 

7QO-90OC 

Below  80°  C... 

HP'VXPC 

90O-.120°C 

120O-150OC 

150O-200OC 

200O-250OC 

250O-300°C 

3(»o-3iaoC 

815°  C-^  residue 


Character  of  distillate  obtained. 


Sample 
No.  275.fe 


Sample 
No.  276.  «• 


Petroleum  ether 

Gasoline 

Light  naphtha 

Heavy  naphtha 

Naphtha 

Benzine 

Light  burning  oils. . 
Heavy  burning  ol!.«i. 
Illuminating  oils... 
do 


Per  cent.       Per  cent. 


1.49 
4.35 


5.03 
7.(>4 
13.  W 

68.70 


I 


0.14 
L63 


8.82 
13. 4H 
12.03 

68.62 


Sample 
No.  277.d 


Percent. 


1.89 
9.26 


9.04 
10.73 
15.80 

45.60 

7.70 


Sample 
No.  278.  <^ 


Percent. 
0.85 
2.06 
1.00 


aZeit  fiir  anal.  Chemie,  1897,  p.  19. 
b  Specific  gravity,  86°  Baum^. 

26958— No.  76—03 i 


c  Specific  gravity,  34°  Btium^. 
d  Specific  gravity.  45°  Baum6. 


5.12 
5.35 
13.70 
12.49 
17.76 
23.98 
16.98 
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MISCELLANEOUS   SOLID   INSECTICIDES   ANl^   FUNGICIDES. 

The  analyses  of  a  number  of  solid  insecticides  and  fungicides  that 
do  not  come  under  any  of  the  previous  headings  are  given  in  the 
following  tables: 

SFLPHUKS. 

Table  XVII. — Compomtion  of  mlphur«. 


Constituents. 

Sample 
No.  35. 

Percent. 

99.960 

.144 

.000 

.196 

Sample 
No.  fc. 

Soluble  sulphur 

Percent. 
98.660 

Insoluble  sulphur 

.676 

Lime 

Trace. 

Foreign  matter , 

.764 

Total 

100.300 

100.000 

The  total  for  sample  No.  35  is  given  by  the  chemist  who  made  the 
analysis  as  100  per  cent,  but  all  the  constituents  added  together  aniount 
to  100.3  per  cent,  as  above. 

PINE   TAR    INBECT1CIDE8. 
[No.  73.] 

This  is  an  insecticide  obtained  from  the  destructive  distillation  of 
pine  knots.  It  readily  mixes  with  water  and  is  slightly  sticky  and 
greasy. 

BU(i    DEATHS. 

Table  XVIII. — Compogition  of  hug  deaths. 


Constituents. 

Sample 
No.  93. 

Sample 
No.  223. 

Moisture 

Percent. 

0.03 

l.ft8 

78.86 

3.80 

Percent. 
0.25 

Lead  oxid . • 

2.01 

Zinc  oxid                         ■- 

86.80 

Ferric  oxid  and  alumina  . . - 

6.20 

Silica 

2.96 

Lof^s  on  igfnition ' 

2.48 

Phosphoric  acid 

.03 

Nitrogen 1 

.04 

Potash 1 

.CO 

POTASSIUM    CYANID. 
[Nos.  23  and  1170  I  &  W.] 

Sample  No.  23  contained  53.12  per  cent  of  potassium  cyanid  calcu- 
lated from  the  cyanogen.  The  remainder  of  the  sample  appeared  to 
consist  principally  of  moisture  and  some  potassium  carbonate  and" 
chlorid.  The  method  of  analysis  used  was  that  described  in  Bulletin 
68,  Bureau  of  Chemistry. 
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CompoMon  of  }>olas9ium  cyan  id. 

[No.  1170.  I&W.] 

Per  cent. 

Cyanogen 40. 49 

Potassium 21. 48 

Sodium 23.  74 

Chlorin 8. 98 

Carbonic  acid  radical 1. 98 

Moisture 82 

Undetermine<i 2. 51 

100.00 

The  above  analyses  show  that  both  samples  of  potassium  cyanid  are 
very  impure,  although  the  second  sample  contains  just  about  the 
amount  of  c^-anogen  demanded  by  theory. 

NONPOISONOrS   POTATO-Br«    DESTROYER. 

Composition  of  nmipouHnv/us  potato-bug  deatroyer. 

(No.  137.] 

Per  cent. 

Moisture 0. 00 

Nitrogen 08 

Ash 79.85 

Potassium  oxid 00 

Calcium  oxid 68.20 

Magnesium  oxid 7. 29 

Ferric  oxid  and  alumina 1 .  38 

Phosphorus  pentoxid Trace. 

Insoluble  before  calcination 7. 29 

Insoluble  after  calcination 1 .  50 

As  this  analysis  is  not  complete,  no  opinion  as  to  the  substances  of 
which  the  mixture  is  composed  can  be  expressed. 

NOXPOIRONOI'S    INSECT    EXTERMINATOR. 
[No.  151.] 

This  sample  contained  78.12  per  cent  of  lime  and  3.61  per  cent  crude 
carbolic  acid,  determined  as  ether  extract.  It  had  an  odor  of  carbolic 
acid  and  appeared  to  be  partly  composed  of  carbolate  of  lime. 

X.  O.  DUST. 
[No.  176.] 

ComposUion  of  X.  0.  Du^, 

Per  cent. 

Moisture 6. 98 

Oi^nic  and  volatile  matter 53. 69 

Carbon  dioxid 3. 40 

Carbolic  acid '. Trace. 
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Per  cent. 

Mineral  matter 39.33 

Sand 14.96 

Ferric  oxid  and  alumina 2. 47 

Calcium  oxid 17. 10 

Magnesium  oxid 2.09 

Phosphorus  iKjntoxid 40 

Potassium  oxid 2. 58 

This  mixture  appears  to  be  partly  composed  of  cartonate  of  calcium 
with  an  excess  of  lime.  No  opinion  as  to  the  character  of  the  organic 
and  volatile  matter  can  be  based  upon  the  data  given,  exclusive  of  the 
carbolic  acid  alread}^  mentioned. 

KLKXTRIC    VKRMIX    KXTEllMINATOR. 
[No.  197.] 

This  insecticide  is  chiefly  a  mixture  of  calcium  carbonate  and  cal- 
cium h3'droxid  with  a  very  small  amount  of  organic  matter.  Upon 
examination  in  this  laboratory  the  organic  matter  present  was  found 
to  consist  of  carlK)lic  acid. 

PAR*  (UDIVM. 

[No.  281. J 

From  the  analyst's  report  this  product  would  appear  to  consist  of 
silicate  of  iron  mixed  with  calcium  sulphate.  The  analysis  does  not 
show  the  presence  of  sulphur  and  tobacco,  both  of  which  were  found 
on  examining  a  sample  of  the  product  in  this  laboratory. 

AXTIXONNIN. 
[No.  2S2.] 

A  qualitative  test  of  this  substance  showed  that  it  contains  dinitro- 
cresols,  together  with  soap  and  ghxerin. 

MISCELLANEOi:S    LIQUID    INSECTICIDES   AND   FUNOKUDES. 
BOLLENE   INSECTICIDE. 

Composition  of  mmples  Nos.  305,  644,  645. 

(No.  30.^1 

Pf  r  cent. 

Carl)on  bisulphid 47.  8 

Mineral  and  essential  oils 12. 2 

Water  and  residue 40. 0 

This  analy.sis  was  made  in  accordance  with  the  Texas  law  (see  p.  61) 
regulating  the  sale  of  Paris  Green  and  other  insecticides  and  is  good 
only  until  May  1,  1903. 


Digitized  by 


Google 


ANALYSES    OF    INSECTICIDES    AND    FUNGICIDES.  53 

[No6.  64-1  and  645  (I  &  W).] 

Of  the  two  samples  of  this  product  received  at  the  Bureau  of  Chem- 
istry one  consisted  of  a  black  oil  (644),  while  the  other  (645)  sepa- 
rated into  two  layers,  one  a  black  oil  and  the  other  a  white  milky 
emulsion.  The  first  sample  was  fractionally''  distilled  as  it  stood,  and 
the  second  sample  was  separated  into  its  two  parts  and  each  part 
subjected  to  fractional  distillation. 

Xo.  644  (/tt*  Tr),  remlU  of  diMiUation  tent. 

Per  cent. 

Below  95°  C ,. ^'51.07 

95°-108°C &.41 

108°-130°C '•.57 

iso^'-ieo^c ^'.OO 

160°-190*»C '2. 31 

190*^-220°  C ^-G.IS 

220*^-260"  C ^3.69 

260*»-300°C C13.46 

300*»-350°c ^-e.ie 

350°  C.  + ^1.02 

Loss  and  residue 14.  26 


1  Practically  all  carbon  bisulphid. 

b  Penetrating  odor  of  Romc  esEiential  oil. 

e  Odor  of  petroleum  products  with  paraffin  which  crystalllzeH  out  in  the  higher  fractions. 

JVo.  645  {I i!tc  ir),  reftuIlA  of  diMiUation  tent. 

WHITE   EMULHION,  81.28   PER  CENT. 

Per  cent. 

Below  95°  C «1.24 

95°-108°C f>7(i.lO 

108°-130°C '•13.47 

Lo88  and  residue 9. 19 

BLACK    OIL,   18.72    PER  CENT. 

Per  cent. 

Below  40°  C rf43.48 

40°-65°C rf22.00 

65°-96°C <*5.53 

95°-108°C -.50 

108°-130°C M.84 

130°-160°G /8.21 

160°  C.  + ^6.53 

Residue  and  loss 8. 91 


a  Odor  of  carbon  bisulphid. 

b  MoKtly  water  with  solid  particles  of  paraffin. 

c  Nearly  all  paraffin  mixed  with  water. 

d  Nearly  all  carbon  bisulphid. 

«Some  high-smelling  essential  oil  present. 

/Mineral  oils  with  odor  of  petroleum  products. 
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It  is  evident  from  the  anal3\ses  of  the  two  samples  of  bollene  insecti- 
cide made  in  the  laboratory  that  the  first  one  (644  I  &  \V)  consists  of 
about  50  per  cent  carbon  bisulphid  and  50  per  cent  crude  petroleum 
with  a  very  small  quantity  of  some  essential  oil  havinjf  a  strong 
odor,  while  the  second  (645  I  &  W)  consists  of  about  62  per  cent 
water,  14  per  cent  carbon  bisulphid,  and  23  per  cent  petroleum,  with 
a  little  essential  oil  and  a  small  quantit}"  of  soap.  Whether  or  not 
a  compound  of  this  composition,  which  is  evidently  very  variable, 
would  kill  the  bollworm  is  a  matter  for  experimentation. 

The  results  of  the  analyses  of  these  two  samples  were  forwarded 
to  the  manufacturer,  who  in  reply  said:  "This  analysis  is  not  at  all 
correct,  and  since  the  analysis  was  made  I  have  perfected  my  prepara- 
tion." Another  letter  was  then  sent,  asking  in  what  particular  the 
analysis  was  unsatisfactory,  but  to  this  no  reply  was  received.  The 
anal^'ses  of  these  samples  was  repeated,  but  the  same  results  were 
obtained.  Besides  this  it  is  found  that  the  analyses  made  in  this 
laboratory  gave  very  much  the  same  results  as  those  made  by  the 
Texas  authorities  from  a  qualitative  standpoint.  JJnless  the  results 
obtained  by  the  Texas  authorities  and  by  this  laboratory  are  approx- 
imately correct  the  manufacturer  is  selling  all  of  his  goods  under  a 
false  label,  since  the  Texas  law  requires  that  all  insecticides  sold  in 
the  State  shall  comply  with  the  official  analysis  on  every  package. 

EXCELSIOR   IXHBCTK'IDE    AND    WOOD    PRESERVER,  RED   CEDAR    BRAND. 

[No.  63,  I  &  W.] 

Remdt^  of  difiiUation  test. 

Per  cent. 

(1)  80°-110°C «1.01 

(2)  110*^-180°  C «.31 

(3)  180°-230°C '>7.42 

(4)  230*^-270°  C '>21.91 

(5)  270°-300«C.. 16.50 

(6)  300°-330°C 19.11 

(7)  330*»-355*»C 15.84 

(8)  Residue  and  loss 17. 90 

a  Light  oil.H  with  odor  of  benzene,  toluene,  etc. 
fr  (Jive  tests  for  i>henol  and  cresols. 

Fractions  4,  5,  6,  and  7  are  heavier  than  water.  At  about  34(»^  C. 
the  distillate  begins  to  solidify  in  the  condenser,  and  at  355^^  C.  the 
condenser  is  so  stopped  up  with  naphthalene  that  it  is  necessary  to 
cease  distilling.  This  appears  to  be  a  sample  of  coal-tar  creosote, 
and  when  properly  used  is  of  value  both  as  an  insecticide  and  a  wood 
preserver. 
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FLY    PREVENTATIVE. 
[No.  202,  I  &  W.] 

Results  of  distUlation  ie»U 

Per  cent. 

(1)  80°-160°C «8 

(2)  160*»-216*'C ft  7 

(3)  215°-270°C ^6 

(4)  270°-350°C no 

(5)  350°  C rf33 

(6)  Residue  and  loss ''17 


"  Li^ht  oil  giving  test  for  phenol  and  eresols. 

'» Heavier  oil  giving  test  for  phenol  and  cresois. 

c  Thick  oils. 

rf  Thick  oil  with  solid  particles. 

♦•  Solid  when  cooling. 

Fractions  1,  2,  3,  4,  and  5  are  all  lighter  than  water.  From  the 
above  analysis  this  sample  appears  to  be  a  mixture  of  coal-tar  creosote 
and  petroleum.     These  substances  are  often  used  as  fly  preventatives. 

KARBO    KRB80LATE. 
[No.  916,  I  &.  W.] 

Results  of  disiitiaiion  test. 

Per  cent. 

(1)  85*»-105°C «26.4 

(2)  105°-180**C ftS.l 

(3)  180^-220°  C a.  6 

(4)  220°-"270*»C </5.7 

(5)  270«-285''C ^8.8 

(6)  285°-312°C M4.7 

(7)  Residue  and  loss 28.  7 


n  Light  oil  and  water  mixed;  smell  of  carbon  bisulphid  and  benzine. 

b  Light  oil,  test  for  phenol  and  cresois. 

cOil,  heavier  than  water,  test  for  phenol  and  crewls. 

d  Oil  heavier  than  water. 

0  Thick  oil;  pungent  odor. 

Fractions  3  and  4  contain  solid  naphthalene.  A  small  amount  of 
alkali  is  also  present.  From  the  distillation  test  it  would  appear  that 
this  sample  consists  of  coal-tar  creosote  which  has  been  boiled  with 
resin  and  an  alkali,  or  with  resin,  fatty  matter,  and  alkali,  to  cause 
it  to  form  an  emulsion  with  water.  From  the  size,  appearance,  and 
smell  of  the  first  fraction  it  also  appears  that  some  carbon  bisulphid 
has  been  added.  It  is  well  known  that  creosote  emulsions  have  given 
good  results  both  as  disinfectants  and  sheep  dips.  This  preparation, 
therefore,  would  very  likel}^  be  of  value  for  the  purposes  intended. 
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PROFESSOR    DE   GR.AFF's   CARPET   BUG    DESTROYER. 

Compoftition  of  Professor  I)e  draffs 8  Carpet  Bug  Destroyer. 
('onstitnent.s. 


Sample 
No.  122. 


Sample 
No.  129. 


Moisture 

i^r  cent. 
95.811  1 
4.189  1. 

Per  rait. 
95.81 

Residue  from  evaporation 

M  ercury 

.782  , 
.265  1 
.4W  1 
.9(M 
.267 

78 

Chlorin 

.27 

Sulphur  trioxid 

.48 

Alumina 

.90 

Potassium  oxid 

26 

These  two  analyses  are  given  in  two  different  reports  of  the  Massa- 
chusetts State  Experiment  Station,  but  were  very  likely  made  upon 
the  same  samples,  since  they  are  identical. 

The  active  poisonous  principle  of  this  solution  is  evidently  mercuric 
chlorid,  which  is  often  used  for  the  destruction  of  varioas  insects 
which  infest  houses. 
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III.  STATE  LAWS  GOVERNING  THE  COMPOSITION  AND  SALE  OF 

INSECTICIDES. 

A  circular  letter  was  sent  to  the  various  experiment  stations  asking 
that  they  forward  copies  of  the  laws  in  their  respective  States  relative 
to  the  composition  and  sale  of  Paris  Green  and  other  insecticides.  In 
cases  where  the  experiment  stations  could  not  furnish  the  information 
a  similar  request  was  made  of  the  secretary  of  state.  It  is  believed 
that  the  following  compilation  of  State  laws  is  a  complete  r^sum^  of 
ail  such  laws  passed  in  the  United  States. 

CALIFOBNIA. 

AN  ACT  to  prevent  fraud  in  the  sale  of  Paris  Green  used  b»  an  insecticide. 

The  people  of  the  State  of  (Mifomia,  represented  in  senate  and  assembly^  do  enaH  as 
follows:  It  shall  be  the  duty  of  eat'h  and  every  manufacturer  of  Paris  Green  (commer- 
cial aceto-arsenite  of  copper)  to  be  used  as  an  insec;ticide  within  this  State,  and  of 
every  dealer  in  original  packages  of  said  Paris  Green  manufactured  outside  of  this 
State,  before  the  said  Paris  (.ireen  is  offered  or  expo8e<i  for  sale,  or  sold  within  this 
State  as  an  insecticide,  to  submit  to  the  director  of  the  California  experiment  station, 
at  Berkeley,  samples  of  said  Paris  Green,  and  a  written  or  printed  statement  setting 
forth:  First,  the  brand  of  said  Paris  Green  to  be  sold,  the  number  of  pounds  contained 
in  each  package  in  which  it  is  put  on  the  market  for  sale,  the  name  or  names  of  the 
manufacturers  and  the  place  of  manufacturing  the  same;  second,  the  statement  shall 
Bet  forth  the  amount  of  combined  arsenic  which  the  said  Paris  Green  contains,  and 
the  statement  so  furnished  shall  be  considered  as  constituting  a  guarantee  to  the 
purchaser  that  every  package  of  such  Paris  Green  contains  not  less  than  the  amount 
of  combined  arsenic  set  forth  in  the  statement. 

Sec.  2.  Every  purchaser  of  said  Paris  Green  in  original  packages  which  is  manu- 
factured outside  of  this  State,  who  intends  to  sell  or  expose  the  same  for  sale,  and 
every  manufacturer  of  said  Paris  Green  within  this  State,  shall,  after  filing  the  state- 
ment above  provided  for  with  the  director  of  the  California  agricultural  station,  at 
Berkeley,  receive  from  the  said  director  a  certificate  stating  that  he  has  complied 
with  the  foregoing  statements,  which  certificate  shall  be  furnished  without  charge 
therefor.  Said  certificate  when  furnished  shall  authorize  the  party  when  receiving 
the  same  to  deal  in  this  State  in  the  said  Paris  Green.  Any  person  who  fails  to  com- 
ply with  the  terms  of  section  1  of  this  act  shall  not  be  entitled  to  such  certificate 
and  shall  not  be  entitle<l  to  deal  in  said  Paris  Green  within  this  State.  Nothing  in 
this  section  shall  be  construed  as  applying  to  retail  dealers  selling  said  Paris  Green 
which  has  already  been  labeled  and  guaranteed. 

Sec.  3.  Paris  Green,  when  sold,  offered,  or  exposed  for  sale  as  an  insecticide  in  this 
State  shall  contain  at  least  50  per  centum  of  arsenious  oxide  and  shall  not  contain 
more  than  4  per  centum  of  the  same  in  the  uncoinbined  state. 

Sec.  4.  The  director  of  the  California  State  agricultural  station,  at  Berkeley,  shall 
examine  or  cause  to  be  examined  different  brands  of  Paris  (ireen  sold,  offeree! ,  or 
exposed  for  sale  within  this  State,  and  cause  samples  of  the  same  to  be  analyzed,  and 
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shall  report  results  of  analysis  forthwith  to  the  8e«;retary  of  the  State  board  of  horti- 
culture and  to  the  party  or  parties  submitting  such  samples,  and  such  report  shall  be 
final  as  regards  the  quality. 

Sec.  5.  Any  person  or  i)er8ons,  firm,  association,  company,  or  corjwration  violating 
any  of  the  provisions  of  this  act,  and  any  person  who  shall  sell  any  package  of  Paris 
(ireen,  or  any  part  thereof,  which  has  not  been  labeled  as  herein  provided,  shall  be 
guilty  of  a  misdemeanor,  and  shall  he  fined  not  less  than  $50  nor  more  than  $200, 
together  with  cost  of  the  suit,  in  an  action  caused  to  be  brought  by  the  State  board  of 
horticulture,  through  its  secretary,  in  the  name  of  the  i)eople  of  the  State  of  California. 

Sec.  6.  The  attorney-general  of  the  State  of  California  is  charged  with  the  prosecu- 
tion of  all  such  suits. 

Sec.  7.  This  act  will  take  eUect  imme<iiately. — Became  a  Imv  by  comtiiutUmnl  limUa- 
Hon  February  28,  190 L 

LOX7ISIANA. 

Act  No.  131  of  the  general  assembly  r»f  the  State  of  Louisiana. 

Be  it  enacted  by  the  general  assembly  of  the  State  of  Louisiana,  That  the  bureau  of 
agriculture  shall  be  charged  with  the  duties  of  regulating  the  sale  and  purity  of  Paris 
Green  as  an  insecticide  in  this  State. 

Sec.  2.  That  it  shall  be  the  duty  of  any  manufacturer  or  dealer  in  original  packages 
of  Paris  Green  before  the  same  is  offered  for  sale  iu  this  State,  to  submit  to  the  com- 
missioner of  agriculture  a  written  or  printed  statement  setting  forth:  First.  The 
brand  of  Paris  Green  to  be  sold,  the  numl>er  of  pounds  contained  in  each  package  in 
which  it  is  to  be  put  upon  the  market  for  sale,  and  the  name  or  names  of  the  manu- 
facturers and  the  place  of  manufacture.  Second.  The  statement  setting  forth  the. 
amount  of  arsenic  which  they  are  willing  to  guarantee  the' said  Paris  Green  to  con- 
tain, and  the  statement  so  furnished  shall  be  considered  as  constituting  a  guarantee 
to  the  purchaser  that  every  package  of  said  Paris  Green  contained  not  less  than  the 
amount  of  arsenic  set  forth  in  the  statement. 

Sec.  3.  That  every  purchaser  proposing  to  deal  in  Paris  Green  shall,  after  filing 
the  statement  above  provided  for  with  the  commissioner  of  agriculture,  receive 
from  the  said  commissioner  of  agriculture  a  certificate  stating  that  he  has  complied 
with  the  foregoing  section,  which  certificate  shall  be  furnished  by  the  commissioner 
without  any  charge  therefor;  that  the  said  certificate  when  furnished  shall  authorize 
the  party  receiving  the  same  to  deal  in  this  State  in  Paris  Green;  that  no  person 
who  has  failed  to  file  the  statement  aforesaid  and  to  receive  the  certificate  of  author- 
ity aforesaid  shall  be  authorized  to  deal  in  this  State  in  Paris  Green,  and  any  person 
so  dealing  in  this  Statt*  without  having  filed  the  aforesaid  statement  and  receive<l 
the  (certificate  aforesaid  shall  \>e  liable  for  each  violation  to  a  fine  not  exceeding 
$250,  which  fine  shall  be  recoverable  before  any  court  of  competent  jurisdiction  at 
the  suit  of  the  commissioner  of  agriculture  or  of  any  citizen,  and  shall  he  disposed 
of  as  hereinafter  provided ;  provided,  further,  that  nothing  in  this  section  shall*  be 
construed  as  preventing  the  sale  by  retail  dealers  throughout  the  State  of  Paris 
Green  which  has  already  l)een  guaranteed  and  lal>eled  a.«  provided  for  in  this  act. 

Sec.  4.  That  it  shall  be  the  duty  of  the  board  of  agriculture,  or  its  commissioner, 
at  the  opening  of  each  season,  to  issue  and  distribute  circulars  setting  forth  the 
brands  of  Paris  Green,  their  percentages  of  arsenic  as  claiine<l  by  the  dealers,  and 
to  more  particularly  describe  them  they  shall  be  separated  into  two  class^^,  viz: 
First,  those  brands  containing  50  ]K*r  cent  or  more  of  arsenic  shall  he  classe<l  as 
*'strictly  pure,"  and,  second,  all  falling  below  this  |)ercentage  shall  l)e  classe<l  as 
**  impure." 

Sec.  5.  That  it  shall  be  the  duty  of  the  commissioner  of  agriculture  to  cause  to  be 
prepared  labels  of  suitable  material,  fittecl  to  be  attached  to  packages  of  Paris  Green 
and  to  have  printed  thereon  "guaranteed,"  with  a  blank  space  into  which  there  may 
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be  stampetl  by  the  commissioner  of  agriculture  the  words  "strictly  pure,"  or 
"impure,'*  as  the  guarantee  may  require;  also  the  year  or  season  in  which  it  is  to  be 
used  and  a  facsimile  of  the  signature  of  said  commisdioner.  The  said  labels  shall  be 
furnished  by  the  said  commissioner,  to  any  dealer  in  Paris  Green  who  shall  have 
complied  with  the  foregoing  provisions  of  this  act,  upon  the  payment  by  said  dealer 
to  said  commissioner  of  fifty  cents  for  a  sufiicient  number  to  label  one  hundred 
pounds  of  Paris  Green. 

Sec.  6.  That  it  shall  be  the  duty  of  every  person,  before  offering  for  sale  any  Paris 
Green  as  an  insecticide  in  this  State,  to  attach  or  cause  to  be  attached  to  each  jmck- 
age  one  of  the  labels  hereinbefore  described,  designating  the  quantity  of  Paris  (ireen 
in  the  package  to  which  it  ia  attached.  Any  person  who  shall  sell  any  packages  of 
Paris  Green,  or  any  part  thereof,  which  has  not  been  labeled  as  herein  provided  for 
shall  be  guilty  of  a  misdemeanor,  and  on  conviction  thereof  shall  be  fined  in  the  sum 
of  one  hundred  dollars  for  each  omission,  which  penalty  may  be  sued  for  either  by 
the  Commissioner  of  Agriculture  or  any  person  for  the  uses  hereinafter  declared.  Any 
person  who  shall  counterfeit  or  use  a  counterfeit  label  prescribed  by  this  act,  or  who 
shall  use  them  a  second  time,  shall  be'guilty  of  a  misdemeanor,  and  on  conviction 
thereof  shall  be  fined  in  a  sum  not  exceeding  two  hundred  and  fifty  dollars,  one- half 
of  which  shall  be  paid  to  the  informer,  which  may  be  doubled  or  trebled  at  each 
second  or  third  conviction,  and  so  on  progressively  for  subsequent  convictions. 

Sec.  7.  That  it  shall  be  the  duty  of  every  person  who  sells  a  package  of  Paris  Green, 
upon  the  request  of  the  purchaser,  to  draw  from  the  same  and  in  the  presence  of  the 
pu'xihaser  or  his  agent  a  fair  or  correct  sample  and  to  have  the  same  securely  enclosed 
and  sealed  and  sent  to  the  Commissioner  of  Agriculture  for  analysis  by  the  ofiiicial 
chemist  of  the  State,  and  if  upon  analysis  the  said  Paris  Green  shall  be  found  below 
the  guarantee  given  to  the  Commissioner  of  Agriculture  and  printed  on  the  package, 
then  the  said  seller  shall  be  liable  to  the  said  purchaser  for  all  damage  accruing  from 
said  difference,  recoverable  in  any  court  of  competent  jurisdiction  in  the  State. 

Sec.  8.  That  the  copy  of  the  oflfiicial  chemist's  analysis  of  any  Paris  Green  certified 
to  by  him  shall  be  admissible  as  evidence  in  any  court  of  the  State  on  trial  of  any 
issue  involving  the  merits  of  said  Paris  Green. 

Sec.  9.  That  the  Bureau  of  Agriculture  shall  adopt  needful  rules  and  regulations 
providing  for  the  collecting  of  money  arising  from  the  sale  of  labels,  or  for  any  fines 
imposed  under  this  act,  and  shall  deposit  the  same  with  the  Treasurer  of  the  State. 

NEW  TOBK. 

AN  ACT  to  amend  the  aKrieultural  law,  to  prevent  fraud  in  the  sale  of  ParlH  Green. 

Thf  People  of  the  Stale  of  New  Yorky  represented  in  Senaie  and  Afmmbly^  do  enact  as 
follows:  Chapter  three  hundred  and  thirty-eight  of  the  laws  of  eighteen  hundred  and 
ninety-three  entitled  "An  act  in  relation  to  agriculture,  constituting  articles  one, 
two,  three,  four,  and  five,  of  chapter  thirty-three  of  the  general  laws,"  is  hereby 
amended  by  adding  a  new  article  to  be  known  as  article  eight  and  to  read  as  follows: 

Sec.  110.  State  manufacturer  and  the  dealer  in  original  packagei<  to  file  certificate  with 
crnnmuwioner  of  agriculture.  After  the  passage  of  this  act  it  shall  be  the  duty  of  each 
and  every  manufacturer  of  Paris  green  within  this  state,  and  of  every  dealer  in 
original  packages  of  Paris  green  manufactured  outside  of  this  state,  before  the  said 
Paris  green  is  offered  or  exposed  for  sale  or  sold  within  this  state,  to  submit  to  the 
commissioner  of  agriculture  a  written  or  printed  statement  setting  forth,  first,  the 
brands  of  Paris  green  to  l)e  sold,  the  number  of  pounds  contained  in  each  package  in 
which  it  is  put  upon  the  market  for  sale,  the  name  or  names  of  the  manufacturers 
and  the  place  of  manufacturing  the  same;  second,  the  statement  shall  set  forth  the 
amount  of  arsenic  which  the  said  Paris  green  contains,  and  the  statement  so  furnished 
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shall  be  considered  as  constituting  a  guarantee  to  the  purchaser  that  every  package 
of  such  Paris  green  contains  not  less  than  the  amount  of  arsenic  set  forth  in  the 
statement. 

Sec.  111.  Certificate  to  be  given  by  the  commmioner  of  agriculture  to  state  manufacturer 
and  dealer  in  original  pack/xges.  Every  purchaser  of  Paris  green  in  original  packages, 
which  IS  manufactured  outside  of  this  state,  who  intends  to  sell  or  expose  the  same 
for  sale,  and  every  manufacturer  of  Paris  green  within  this  State,  shall,  after  tiling 
the  statement  above  provided  for  with  tiie  commissioner  of  agriculture,  receive  from 
the  said  commissioner  of  agriculture  a  certificate  stating  that  he  has  complied  with 
the  foregoing  statement,  which  certificate  shall  be  furnished  without  any  charge 
therefor;  said  certificate  when  furnished  shall  authorize  the  party  receiving  the  same 
to  deal  in  this  state  in  Paris  green.  Any  person  who  fails  to  file  the  statement 
aforesaid  shall  not  be  entitled  to  such  certificate  and  shall  not  be  entitle<l  to  deal  in 
Paris  green  within  this  State;  nothing  in  this  section  shall  be  construed  as  applying 
to  retail  dealers. 

Sec.  112.  Composition  of  Paris  green  or  analogous  i>rodwts.  Paris  green  or  any 
product  analogous  to  it,  when  sold,  offered  or  exposed  for  sale,  as  such,  in  this  state, 
shall  contain  at  least  fifty  per  centum  of  arsenious  oxide.     (See  Amendment.) 

Sec.  113.  Paris  green  to  be  analyzed  at  experiment  station.  The  director  of  the  New 
York  Stat«  agricultural  experiment  station,  at  Geneva,  shall,  under  the  direction  of 
the  commissioner  of  agriculture,  examine,  or  cause  to  be  examined,  the  different 
brands  of  Paris  green  sold,  offered,  or  exposed  for  sale  within  the  State,  and  cause 
samples  of  the  same  to  be  analyzed,  and  shall  report  the  result  of  the  analysis  forth- 
with to  the  commissioner  of  agriculture. 

Sec.  114.  Penalty  for  nolations.  Any  person  or  persons,  firm,  association,  company, 
or  corporation  violating  any  of  the  provisions  of  this  act  shall  be  guilty  of  a  misde- 
meanor, and  shall  be  fined  not  less  than  fifty  dollars  nor  more  than  two  hundred 
dollars;  and  in  addition  thereto  shall  forfeit  and  pay  unto  the  people  of  the  state  of 
New  York  the  sum  of  one  hundred  dollars,  together  with  the  costs  of  the  suit  in  an 
action  caused  to  be  brought  l)y  the  commissioner  of  agriculture  in  the  name  of  the 
people  of  the  state  of  New  York,  as  provided  by  section  eight  of  the  agricultural  law. 

2.  This  act  shall  take  effect  immediately.  Became  a  law  March  2Sy  1S9S,  by  the 
approval  of  the  Goremor.     (Laws  of  New  York^  ch.  J 13.) 

AMENDMENT   TO   PAK18-GREEN    LAW. 

In  accordance  with  the  suggestion  njade  by  the  New  York  State 
Experiment  Station  in  1900,  that  poilion  of  the  Paris?  Green  law  which 
related  to  the  definition  of  Paris  Green  was  changed.  The  essential 
portion  of  the  amended  law  embodying  this  change  is  as  follows: 

Sec  112.  Composition  of  Paris  green  or  analogous  products.  Paris  green,  or  any 
product  analogous  to  it,  when  sold,  offered,  or  exposed  for  sale  as  such  in  this  state, 
shall  comply  with  the  following  requirements: 

First.  It  shall  contain  arsenic  in  combination  with  copper,  ecjuivalent  to  not  le^8 
than  fifty  per  centum  arsenious  oxide. 

Second.  It  shall  not  contain  arsenic  in  water-soluble  forms  eijuivalent  to  more 
than  three  and  one-half  j)er  centum  of  arsenious  oxide. 
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OB£GK>N. 

Only  those  sections  of  the  act  named  below  which  deal  directly  with 
the  subject  of  insecticides  are  given. 

AN  ACT  to  x^rotect  the  fnilt  anrt  hop  Industry  of  Oregon. 

Se(\  3.  It  shall  be  unlawful  for  any  person,  firm  or  corporation  doing  busiiness  in 
the  State  of  Oregon  to  sell  pans  green,  arsenic,  london  purple,  sulphur  or  any  Fpray 
material  or  compound  for  spraying  purposes,  in  quantities  exceeding  one  pound, 
without  providing  with  each  package  sold  a  certificate  duly  signed  by  the  seller 
thereof  guaranteeing  the  quality  and  per  cent  of  purity  of  said  materials. 

SbC  4.  Any  person,  firm  or  corporation  selling  any  of  the  above  materials  which 
do  not  conform  with  the  certificate  fumisheil  therewith  shall  be  deemed  guilty  of  a 
mis<1emeanor,  and  upon  conviction  thereof  shall  be  subject  to  a  fine  of  not  less  than 
twenty-five  ($26)  dollars  nor  more  than  one  hundred  ($100)  dollars. 

Sec.  8.  It  shall  be  the  duty  of  the  Commissioner  of  the  State  Board  of  Horticulture 
of  the  district  in  which  a  violation  of  this  act  occors  to  present  the  evidence  of  the 
case  to  the  district  attorney,  whose  duty  it  shall"  be  to  prosecute  any  person  guilty  of 
a  violation  of  this  act,  which  prosecution  may  be  brought  in  any  of  the  justice  courts 
of  this  state. 

Sec.  9.  Inasmuch  as  the  horticultural  interests  of  the  state  demand  imme<liate 
attention,  this  act  shall  be  in  full  force  and  effetrt  from  and  after  its  approval  by  the 
Governor.     Approved  by  the  Governor,  February  17,  1899. 

TEXAS. 

AN  ACT  for  the  better  protection  of  the  farmer  in  the  purchase  cf  commerciiil  fCrtilizerH  and  com- 
mercial poisons  ii«ed  for  destroying  bollworms  and  other  pests. 

Be  it  enacted  by  the  Ijegislatvre  of  the  State  of  Texas:  Before  any  commercial  fertilizer 
or  c*ommercial  i)oii!on,  or  any  chemical  or  mixture  used  as  a  commercial  fertilizer  or 
commercial  poison,  such  as  Ix>ndon  purple,  arsenic,  Paris  green,  or  any  poison  used 
for  the  purpose  of  destroying  the  1k)11  worm  or  other  pests,  is  sold  or  offered  for  sale 
in  this  State,  the  manufacturer,  agent,  importer  or  party  who  sells  or  offers  it  for 
sale  within  this  State  shall  deposit  with  the  professor  of  chemistry  of  the  Agricul- 
tural and  Mechanical  College  a  sealed  tin  can,  bottle  or  jar  containing  not  less  than 
one  pound  of  the  fertilizer  or  commercial  poison  offered,  for  sale;  with  an  aflft davit 
that  it  is  a  fair  sample  taken  from  several  barrels,  boxes,  sacks,  or  from  quantities  in 
larger  bulk,  of  the  article  thus  to  be  sold  or  offered  for  sale;  provided  the  unmixed 
substances,  cotton  seeil  meal,  land  plaster,  salt,  ashes,  lime,  green  sand  marl, 
uncnished  bones  and  animal  excrements  shall  be  exempt  from  the  oi)eration  of  the 
law. 

Sec.  2.  The  manufacturer,  importer,  vender  or  agent  of  any  commercial  fertilizer 
or  commercial  poison,  as  referred  to  in  Section*  1  of  this  chapter,  shall  pay  annually 
to  the  treasurer  of  the  Agricultural  and  Mechanical  College  an  analysis  fee  of  fifteen 
dollars  for  each  and  every  fertilizer  or  commercial  poison  sold,  exposed  or  offered 
for  sale  within  this  State.  Such  payment  shall  be  made  at  the  time  the  sample  of 
fertilizer  or  commercial  poison  is  submitted  to  the  professor  of  chemistry  for  analysis. 

Sec.  3.  After  the  analysis  fee  has  been  paid,, as  provided  for  in  Section  2  of  this 
chapter,  it  shall  be  the  duty  of  the  professor  of  chemistry  of  the  Agricultural  and 
Mechanical  College  to  analyze  or  to  have  analyzed  under  his  direction,  any  sample 
of  a  commercial  fertilizer  or  commercial  poison,  in  accordance  with  the  retjuirements 
of  the  forgoing  sections  of  the  law.     The  professor  of  cheniistr>'  shall  i)rint  the 
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result  of  such  analysis  in  the  form  of  a  label,  which  shall  set  forth  the  name  of  the 
manufacturer,  the  brand  of  such  fertilizer  or  commercial  poison,  and  the  essential 
ingredients  contained  in  such  fertilizer  or  commercial  i>oison,  viz: 

1.  Available  nitrogen  and  its  equivalent  in  ammonia. 

2.  Soluble  phosphoric  acid;  total  available  phosphoric  acid. 

3.  Reverted  phosphoric  acid. 

4.  Total  phosphoric  acid. 

5.  Potash  soluble  in  water. 

This,  however,  shall  not  preclude  the  professor  of  chemistry  from  setting  forth  any 
other  ingredient  which  the  fertilizer  may  contain.  And  he  shall  place  upon  each 
label  the  money  value  of  such  fertilizer  or  commercial  poison,  computed  from  its 
composition  as  he  may  determine.  He  shall  furnish  such  labels  in  quantities  of  500 
or  multiple  thereof  at  a  cost  of  one  dollar  per  hundred;  the  money  to  be  paid 
directly  to  the  treasurer  of  the  Agricultural  and  Mechanical  College. 

Sec.  4.  Every  box,  barrel,  k^,  or  other  package  or  quantity  of  commercial  fertili- 
zer or  commercial  poison  (within  the  limitations  of  Section  1  of  tkis  law),  in  any 
shape  or  form,  sold  or  offered  for  sale  in  this  State,  shall  have  attached  to  it  in  a 
conspicuous  place  the  label  as  provided  for  in  Section  3  of  this  law,  with  the  signature 
of  the  professor  of  chemistry  attached. 

Sec.  5.  The  professor  of  chemistry,  or  any  duly  authorized  agent  of  his,  is  hereby 
authorized  to  select  from  any  package  of  commercial  fertilizer  or  commercial  poison 
sold,  or  exposed  for  sale  in  this  State,  a  quantity  not  to  exceed  two  pounds,  for  a 
sample  to  be  used  for  the  purpose  of  an  oiBcial  analysis  and  for  comparison  with  the 
sample  furnished  by  the  manufacturer,  agent,  or  vendor,  for  official  analysis. 

Sec.  6.  Any  manufacturer,  agent,  or  vendor  of  any  commercial  fertilizer  or  com- 
mercial poison  who  shall  offer  or  expose  for  sale  any  such  fertilizer  or  commercial 
poison  without  having  previously  complied  with  the  provisions  of  this  chapter  shall 
be  fined  not  less  than  fifty  and  not  more  than  five  hundred  dollars  for  each  violation 
or  evasion  of  this  law. 

Sec.  7.  Any  agriculturist  or  farmer,  a  purchaser  of  any  commercial  fertilizer  or 
commercial  poison  in  this  State,  may  take  a  sample  of  the  same  under  rules  and 
regulations  to  be  prescribed  by  the  professor  of  chemistry  of  the  Agricultural  and 
Mechanical  College  and  forward  the  same  to  him  for  analysis,  which  analysis  shall 
be  made  free  of  charge. 

Sec.  8.  The  revenues  a<*cruing  frotn  analysis  fees  and  sale  of  lal^els,  as  provided  for 
in  this  chapter,  shall  l)e  expended  by  the  board  of  directors  of  the  Agricultural  and 
Mechanical  College  for  the  maintenance  of  the  chemical  department  and  for  such 
other  purposes  as  they  may  determine. 

Sec.  9.  A  copy  of  the  official  analysis  of  any  fertilizer  or  commercial  poison,  or 
chemical  certified  to  by  the  professor  of  chemistry,  shall  be  admissible  as  evidence  in 
any  court  of  this  State  on  the  trial  of  any  issue  involving  the  merits  of  said  fertilizer 
or  commercial  poison. 

Sec.  10.  Whereas  the  fact  that  there  is  no  law  authorizing  the  analysis  of  com- 
mercial fertilizers  and  commercial  poisons,  or  the  testing  of  adulterated  poisons  when 
used  for  the  purpose  of  destroying  the  boll  worm  and  other  pests,  and  the  better 
protection  of  the  farmer,  creates  an  emergency,  and  an  imperative  public  necessity 
that  the  constitutional  rule  requiring  bills  to  l>e  read  on  three  several  days  be  sus- 
pended and  that  this  act  take  effect  and  be  in  force  from  and  after  its  passage,  and 
said  rule  is  so  suspended  and  it  is  so  enacted.  Passed  by  ihe  Twenty-sixth  Legislature 
of  Texas,  1899. 
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WASHINGTON. 

AN  ACT  to  provide  against  the  adulteration  of  Paris  Green  and  other  eompoundH  used  for  spraying 

trees  and  plants. 

Be  it  enacted  by  the  Legislature  of  the  State  of  Washington,  That  it  shall  hereafter  be 
unlawful  for  any  person,  firm,  or  corporation  doing  business  in  the  State  of  Washing- 
ton to  sell  or  offer  for  sale  adulterated  or  low  grade  Paris  green,  arsenic,  London 
purple,  sulphur,  or  any  spray  material  or  compound  for  spraying  purposes. 

Sec.  2.  For  the  purposes  of  this  act  Paris  green  shall  contain  not  less  than  fifty  per 
cent  of  arsenic  trioxide  in  combination,  and  not  more  than  four  per  cent  of  water- 
soluble  arsenic  trioxide,  and  commercial  arsenic  shall  contain  not  less  than  ninety- 
six  (96)  per  cent  of  arsenic  trioxide. 

Sec.  3.  Any  person,  firm,  or  corporation  violating  any  of  the  provisions  of  this  act 
shall  be  deemed  guilty  of  a  misdemeanor,  and  upon  conviction  thereof  shall  be  pun- 
ished by  a  fine  of  not  less  than  twenty-five  dollars  nor  more  than  one  hundrecl 
dollars.  All  tines  imposed  for  violation  of  the  provisions  of  this  act  shall  be  paid  to 
the  treasurer  of  the  county  wherein  the  violation  was  committed  and  placed  to  the 
general  fund  of  such  county. 

Sec.  4.  That  the  State  Commissioner  of  Horticulture  and  the  county  fruit  inspectors 
under  his  supersision  be  charged  with  the  enforcement  of  this  act,  with  the  assistance 
of  the  prosecuting  attorney. 

Sec.  5.  It  shall  be  the  duty  of  the  chemist  of  the  State  Agricultural  Experiment 
Station  to  correctly  analyze,  without  extra  compensation  and  without  extra  charge 
to  the  state  other  than  the  necessary  expenses,  all  substanc'es  and  compounds  used  or 
offered  for  sale  for  spraying  trees  and  plants,  that  the  State  Commissioner  of  Horti- 
culture may  send  for  analysis,  and  report  to  him  without  unnecessary  delay  the  result 
of  any  analysis  so  made;  any  such  chemist  shall  assist  him  in  prosecuting  violations 
of  the  law,  by  giving  testimony,  expert  or  otherwise.  Approved  by  the  Governor 
February  26,  1901, 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  op  Chemistry, 
Washington,  B.  C,  July  3,  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  for  your  inspection  and 
approval  a  manuscript  relating  to  olive  oils  and  their  adulterations, 
and  embodying  the  investigations  made  in  this  Bureau  of  American 
and  imported  pure  olive  oils  and  adulterations  thereof.  This  work 
"s^fiA  done  under  the  act  of  Congress  authorizing  the  Secretary  of  Agri- 
culture ^'to  investigate  the  adulteration  of  foods,  drugs,  and  liquors," 
and  1  recommend  that  the  results  as  reported  herein  be  published  as 
Bulletin  No.  77  of  the  Bureau  of  Chemistry. 

Respectfully, 

H.  W.  Wiley, 

Ch  ief  of  Burea  ti. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTRODUCTION. 


The  work  reported  in  thia  bulletin  was  be^n  on  imported  oils 
received  through  the  customs  oflBcers,  with  a  view  to  determining  the 
nature  of  the  products  brought  into  the  United  States  from  abroad 
and  sold  as  olive  oil.  It  was  then  thought  advisable  to  go  into  the 
open  market  and  secure  oils  sold  in  retail  stores  under  foreign  labels 
in  order  to  make  a  comparison  of  olive  oil  as  it  is  received  by  the  cus- 
toms officers  and  as  it  is  sold  to  the  consumer.  Having  thus  collected 
considerable  data  on  oils  of  other  countries,  it  seemed  expedient  to 
make  a  study  of  American  olive  oils  for  the  sake  of  comparison. 
Many  samples  were  therefore  purchased  in  tihe  open  market,  and  a 
number  of  representative  manufacturers  were  requested  to  furnish 
samples  of  their  product  as  it  left  the  mill.  These  requests  were  quite 
generally  complied  with,  and  in  each  case  the  manufacturer  sent  with 
his  sample  an  affidavit  as  to  its  purity.  Employees  of  the  Bureau 
visited  New  York,  Philadelphia,  Washington,  Boston,  New  Haven, 
Rochester,  Buffalo,  Burlington,  Vt.,  New  Orleans,  Chicago,  St.  Louis, 
and  San  Francisco,  and  purchased  both  American  and  foreign  oils 
found  in  as  many  stores,  selected  at  random,  as  it  seemed  advisable 
to  visit. 

The  relatively  low  price  at  which  imported  oils  are  sold  as  compared 
with  California  oils  may  often  be  attributed  to  their  inferior  quality. 
In  selecting  material  for  the  work  reported  in  this  bulletin  no  sam- 
ples were  taken  which  were  not  sold  as  olive  oil.  Oils  sold  under 
other  names,  or  simply  as  salad  oil,  were  not  included.  It  is  a  matter 
especially  worthy  of  comment  that  the  California  oils  bought  in  the 
open  market  were  all  of  superior  quality,  and  that  only  two  of  the 
fifteen  samples  so  obtained  contained  any  oil  other  than  olive  oil.  Of 
these  two  samples  one  was  not  labeled  with  the  name  of  the  manufac- 
turer, but  instead  bore  the  name  of  the  dealer. 

Following  the  usual  custom  in  such  matters,  all  manufacturers  resi- 
dent in  the  United  States  were  notified  of  the  results  of  the  examina- 
tion previous  to  their  publication,  and  no  protests  were  received 
except  those  relating  to  the  two  oils  mentioned.  The  dealer  from 
whom  one  of  these  samples  was  obtained  replied  that  he  supposed  that 
he  was  handling  a  high-grade  article,  while  the  manufacturers  of  the 
other  sample  wrote  us  that  they  had  ceased  to  make  olive  oil  because, 
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4  INTRODUCTION. 

while  making  a  high-grade  article,  they  could  not  compete  with  infe- 
rior goods  which  were  sold  under  the  labels  of  first-class  olive  oil,  and 
had  decided  to  discontinue  its  manufacture.  They  stated  that  they 
employed  no  cotton-seed  oil  or  other  substitute  at  any  time.  Dealers 
whose  names  appeared  on  the  labels  as  importers  or  manufacturers' 
agents  were  also  notified. 

For  the  lack  of  a  better  term,  a  number  of  salad  oils  are  referred  to 
in  this  bulletin  as  "  olive  oil  substitutes."  By  this  it  is  not  intended 
to  class  them  as  inferior  in  any  sense,  or  to  disparage  their  legitimate 
use  or  their  sale  when  labeled  in  such  a  way  as  to  notify  the  purchaser 
of  their  nature.  They  are  included  in  this  bulletin,  however,  merely 
because,  being  cheaper  oils,  they  are  sometimes  fraudulently  substi- 
tuted for  olive  oil  and  sold  either  at  a  price  above  their  relative  value, 
or  at  a  price  which  brings  olive  oil  into  unfair  competition.  Such 
practices  are  fraudulent,  and  it  is  highly  important  for  those  engaged 
in  the  manufacture  of  olive  oil,  which  has  become  an  important  indus- 
try in  California,  that  they  be  forbidden. 

Two  Federal  laws  were  passed  by  the  last  Congress  which  have  a 
bearing  on  this  subject.  One  of  these  (Public — No.  223)  forbids  the 
misbranding  or  false  labeling  of  food  products  as  to  the  place  of  their 
manufacture.  The  other  (Public — No.  158)  prohibits  the  importation 
into  the  United  States  of  foods  which  are  "  found  to  be  dangerous  to 
health,  or  which  are  forbidden  to  be  sold  or  restricted  in  sale  in  coun- 
tries in  which  they  are  made  or  from  which  they  are  exported,  or 
which  shall  be  falsely  labeled  in  any  respect  in  regard  to  the  place  of 
manufacture  or  the  contents  of  the  package." 

With  these  laws  on  the  statute  books  it  becomes  important  that  pur- 
chasers should  carefully  read  the  labels  on  their  purchases  and  note 
that  the  name  of  the  manufacturer  and  the  place  of  manufacture  are 
distinctly  stated.  It  is  altogether  probable  that  in  the  future  oils  dis- 
tinctly labeled  will  be  found  to  be  as  represented,  as  ordinarily  fraudu- 
lent manufacturers  will  attempt  to  evade  the  law  by  omitting  the  place 
of  manufacture  rather  than  violate  the  law  by  making  a  false  state- 
(ment  regarding  it.  As  an  illustration  of  this  a  label  is  reproduced 
PI.  1,  fig.  1)  which  was  found  on  a  bottle  of  maize  oil  purchased  as 
olive  oil.  This  label  does  not  distinctiy  state  that  the  bottle  contains 
olive  oil,  but  it  is  worded  in  such  a  way  that  it  is  only  upon  close 
examination  that  the  purchaser  will  note  the  fact  that  the  oil  is  repre- 
sented not  as  "superior  olive  oil,"  but  as  "superior  to  any  olive  oil." 

Among  other  instances  of  misbranded  oil  are  a  number  which  bear 
French  or  Italian  labels  and  contain  cotton-seed  oil.  As  illustrations 
of  this  two  labels  are  reproduced  (PI.  J,  fig.  2,  and  PI.  II,  fig.  2)  which 
are  believed  to  have  originated  in  this  countiy.^  The  prevalence  of  the 
sale  of  cotton-seed  oil  under  labels  of  this  nature  has  led  to  frequent 

<*  See  page  56. 
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rumors  that  the  cotton-seed  oil  expoi-ted  from  the  United  States  is 
largely  used  as  an  adulterant  or  substitute  for  olive  oil,  and  is  sent  back 
to  us  under  another  label  and  at  greatly  increased  prices.  It  is  diflScult 
to  understand  how  this  idea  could  have  gained  credence.  The  ship- 
ment of  the  oil  twice  across  the  ocean  would  seem  a  needless  expense. 
Oils  of  American  origin  are  never  subjected  to  a  more  rigid  examina- 
tion than  imported  oils.  In  view  of  these  facts  we  would  expect  even 
foreign  manufacturers  to  establish  mixing  and  bottling  establishments 
here,  if  they  desire  to  handle  American  oil,  and  confine  their  importa- 
tion to  the  labels. 

In  the  following  pages  several  instances  of  the  presence  of  cheaper 
oils  imported  as  olive  oil  are  noted,  but  not  a  single  instance  has  been 
found  of  the  use  of  cotton-seed  oil  as  an  adulterant  or  substitute  for 
olive  oil  in  goods  known  to  be  imported,*  although  samples  of  imported 
olive  oil  were  obtained  from  the  customs  officers  of  seveml  of  our 
leading  ports,  and  every  effort  was  made  to  secure  a  fair  representa- 
tion of  the  oils  imported.  We  are  therefore  brought  to  the  conclu- 
sion that  cotton-seed  oil  is  not  imported  under  olive  oil  labels,  as  is 
frequently  stated.  Since  the  completion  of  our  work  on  this  subject 
this  idea  has  been  confirmed  by  a  report  from  Consul-General  R.  P. 
Skinner,  as  a  result  of  his  investigation  of  the  manufacture  of  olive 
oil  in  France.  Mr.  Skinner  calls  attention  to  the  fact  that  edible  olive 
oil  to  the  value  of  $1,200,000  is  brought  annually  into  the  United 
States,  and  that  Marseilles  alone  has  sometimes  imported  $3,000,000 
worth  of  cotton  oil  in  a  single  year.  Mr.  Skinner  then  says:  "There- 
fore, if  we  also  assume,  a  most  improbable  hypothesis,  that  these  oils 
contain  25  per  cent  of  cotton  oil,  we  have  accounted  for  cotton  oil 
to  the  value  of  merely  $300,000,  a  mere  drop  in  the  bucket  as  Com- 
pared with  the  value  of  our  cotton -oil  exports."  Another  form  of 
fraud  is  illustrated  in  Plate  II,  fig.  1,  which  is  a  reproduction  of  a 
label  on  a  bottle  received  from  the  appraiser's  stores  imported  as  olive 
oil,  but  containing  peanut  oil. 

I  take  this  opportunity  to  express  our  indebtedness  to  all  the  Ameri- 
can manufacturers  who  have  cooperated  in  this  work  by  furnishing  the 
laboratory  with  samples  of  their  oil,  accompanied  by  affidavits  as  to  their 
purity  and  descriptions  of  their  methods  of  manufacture;  and  also  to 
V.  Villavecchia,  custom-house  chemist,  Rome;  Giacomo  Dellepiane  fu 
Andrea,  Genoa;  G.  E.  Colby  and  W.  C.  Blasdale,  of  the  University 
of  California,  Berkeley,  Cal.,  who  have  supplied  samples  of  olive  oil 
of  known  purity  from  different  regions,  and  the  V.  D.  Anderson  Com- 
pany, who  prepared  several  samples  of  olive-oil  substitutes  for  our 
laboratory. 

W.  D.  BiGEIiOW, 

Chief  of  Food  Laboratory, 

«Two  samples  recently  received  from  the  custom-house  have  contained  cotton- 
seed oil. 
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OLIVE  OIL  AND  ITS  SUBSTITUTES- 


GEHEEAL  DI8CTJ88I0H. 
Statistics  of  the  Olive  Oil  Trade. 

Nearly  the  entire  amount  of  olive  oil  ased  in  this  country  comes 
from  Italy,  France,  and  California.  The  average  annual  total  impor- 
tation for  the  ten  years  next  preceding  1901  was  803,716  gallons.  Of 
this  amount  France  sent  us  annually  an  aveitige  of  267,586  gallons 
and  Italy  498,493  gallons.  There  are  no  means  of  ascertaining  the 
amount  produced  in  California,  but  it  is  probably  a  great  deal  less 
than  the  amount  imported,  as  the  California  oil  is  scarcely  known  in 
the  eastern  markets,  and  is  by  no  means  the  only  oil  offered  on  the 
western  markets.  Evidence  of  this  is  the  fact  that  of  68  samples  of 
commercial  oils  bought  outside  of  California  but  two  were  California 
oils.  On  the  other  hand,  of  29  samples  of  commercial  oils  bought  in 
California  13  were  produced  in  California,  4  were  French  oils,  and  12 
were  Italian  oils. 

In  1897  Elwood  Cooper«  reported  2,500,000  olive  trees  in  California 
capable  of  producing,  besides  dried  and  pickled  olives,  2,000,000  gal- 
lons of  oil.  This  amount,  however,  is  greatly  in  excess  of  the  present 
production,  owing  to  the  fact  that,  as  shown  later,  both  the  French 
and  Italian  oils  can  be  imported  cheaper  than  the  actual  cost  of  pro- 
duction of  the  California  product.  The  above  figures  are  of  interest 
in  showing  that  California  is  capable  of  producing  the  entire  amount 
of  olive  oil  consumed  in  this  country. 

Table  I. — Importations  and  valuations  of  olive  oil. 


Year. 


1891.. 
1892. 
1893.. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 


Importations. 


Valuation  per  gallon. 


OalloM. 
217,628 
222.634 
2^,382 
205,089 
261,695 
278,791 
828.943 
243.874 
280.515 
275.461- 


Gallons. 
326.748 
431,322 
379. 150 
506,647 
461.215 
610, 332 
553, 115 
•167, 939 
()09,03H 
649,423 


I 


Oallonfi. 
61.133 
52,630 
46,370 
45,742 
52. 136 
53,475 
46.509 
35.064 
40.489 
42.818 


OaUfmn. 
601,509 
706, 4H6 
686,8.'i2 
767.478 
775,016 
942,698 
928,567 
73JJ.877 
930.  (M2 
967,702 


SI.  59 
1,72 
1.69 
1.74 
1.67 
1.70 
1,61 
1.69 
l.W 
1.65 


90.99 

$1.21 

.97 

1.24 

1.01 

1.29 

.97 

1.20 

.% 

1.22 

.92 

1.17 

.98 

1.22 

1.01 

1.25 

.94 

1.17 

1.00 

1.21 

ported. 


$733,489 

876.613 

891,424 

909,897 

952,405 

1,107,049 

1,134,077 

923,vS04 

1,090.250 

1.170,871 


^Address  before  the  State  Fruit  (^rowers*  Association  of  California. 
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Table  I,  prepared  from  the  report  of  the  Bureau  of  Statistics,  Treas- 
ury Department,  for  1900  (p.  289),  gives  the  importations  of  edible 
olive  oils,  which  pay  a  duty  of  50  cents  per  gallon,  and  the  valuation 
of  these  oils.  Ax^cording  to  this  table  the  Italian  oil  is  much  cheaper 
than  the  French  product,  the  average  difference  in  price  being  about 
60  cents  per  gallon.  This  difference  is  partly  due  to  the  packages  in 
which  the  oils  are  shipped.  The  Italian  oils  are  shipped  largely  in 
bulk  or  in  tin  cans,  while  the  French  oils  are  nearly  always  bottled 
and  labeled  in  France.  Of  27  samples  of  Italian  oils  furnished  by  the 
Treasury  Department  for  examination,  one  was  in  bottle,  one  in  tin, 
and  the  remainder  in  bulk.  Of  27  samples  of  French  oils  from  the 
same  source,  17  were  in  labeled  bottles  and  10  were  in  bulk.  Another 
reason  for  the  lower  average  price  of  Italian  oils  is  that  a  large  amount 
of  low-grade  oil  is  imported.  The  price  of  the  high-grade  oils  from 
both  countries  is  about  the  same. 

Table  I  shows  that  Italian  oils  are  valued  at  about  $1  per  gallon  and 
French  oils  at  $1.60;  adding  50  cents  per  gallon  for  duty  to  each  of 
these  would  make  their  values  $1.50  and  $2.10,  respectively.  Accord- 
ing to  B.  M.  Lelong**  the  cost  of  production  of  California  oil  is  $1.88 
per  gallon;  adding  to  this  50  cents  per  gallon  for  bottling  would  make 
the  actual  cost  of  preparing  the  oils  for  market  $2.38. 

Table  11  gives  the  retail  price  per  gallon  of  83  samples  of  commer- 
cial oils,  of  which  67  are  unadulterated  and  16  adulterated.  The  fig- 
ures on  the  unadultemted  oils  are  in  much  the  same  ratio  as  the  prices 
of  the  imported  oils  given  in  Table  I  and  the  actual  cost  of  manufacture 
of  the  California  oils  as  stated  above. 

Table  II. — Retail  price  per  gallon  of  comTnrrrial  samples. 


Unadulterated  oils. 


Adulterated  oils. 


Number  of  samples 

Average  price  per  gallon  . . 
Maximum  price  per  gallon 
Minimum  price  per  gallon. 


These  figures  show  that  California  oils  retail  at  a  slightly  higher 
price  than  French  oils  and  French  oils  at  a  slightly  higher  figure  than 
Italian  oils.  Referring  to  the  price  of  adulterated  oils,  it  will  be  seen 
that  price  is  not  always,  or  even  generall}^  an  indication  of  purity. 
The  California  oils  show  very  little  variation  in  price.  This  is  due  to 
the  facrt  that  all  of  the  oil  is  of  the  highest  quality.  With  both  French 
and  Italian  oils  some  very  low  grades  are  placed  on  the  market.  The 
best  grades  of  all  three  varieties  of  oil  bring  about  the  same  price. 

«  Report  of  the  Secrretary  of  the  California  State  Board  of  Agriculture,  1897, 
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Manufacture  of  Olive  Oil. 

The  processes  of  manufacturing  oil  from  the  olive  are  very  simple. 
The  following  general  description  is  taken  from  a  report  to  the  gov- 
ernor of  California  by  the  State  board  of  horticulture.  The  fruit  is 
picked  when  ripe  and  dried  either  in  the  sun  or  by  means  of  dryers. 
It  is  then  crushed  in  a  mill  and  the  oil  extracted  by  a  powerful  press, 
the  details  of  these  processes  varying  in  different  mills.  In  some 
places  the  olives  are  mixed  with  hot  water  before  making  even  the 
first  pressing.  The  first  oil  coming  from  the  press  is  called  the  "  virgin 
oil"  and  is  the  highest  grade  of  salad  oil.  The  pulp  left  from  the 
first  operation  is  subjected  to  a  much  higher  pressure  to  produce  the 
second-pressing  oil.  As  a  rule,  this  is  mixed  with  the  'Wirgin  oil." 
The  pulp  is  now  treated  with  hot  water  and  pressed  again,  when  a 
third-grade  oil  is  produced  which  is  used  for  the  table  and  also  for 
lubricating  fine  machinery  and  for  burning.  The  pulp  still  contains 
oily  matter  which  is  extracted  with  carbon  disulphid,  and  used  in 
making  castile  soap  and  in  dyeing.  In  this  country  very  little  of  this 
lower-grade  product  is  made.  The  oil  from  the  different  pressings  is 
run  into  tanks  with  water  and  allowed  to  stand  until  the  pulp  and 
gummy  matters  settle  out.  The  oil  is  drawn  off  carefully,  filtered, 
and  stored  in  a  cool,  dark  place  until  ready  to  be  bottled,  as  olive  oil 
becomes  rancid  very  quickly  if  exposed  to  light  and  heat. 

The  following  letters  from  California  manufacturei-s  of  olive  oil 
give  in  greater  detail  the  processes  used  at  the  various  mills: 

Santa  Clara,  Cal.,  May  7,  190S, 
My  oliv^  are  picked  when  the  average  is  ripe,  but  not  dead  ripe.  They  are  spread 
on  trays  and  allowed  to  evaporate  a  portion  of  the  **  water  of  v^etation"  before 
pressing.  They  are  crushed  in  an  old-fafihioned  crusher,  a  revolving  granite  wheel 
worked  by  horsepower,  and  pressed  in  Italian  oil  sacks  (bruscole),  which  are  made 
of  a  kind  of  rush  (guinco  marino),  which  I  import  for  the  purpose.  Practically  all 
the  work  is  done  by  "rule  of  thumb;"  i.  e.,  by  careful  study  of  the  condition  of  the 
olives,  etc.  We  try  to  keep  the  temperature  of  the  pressing  room  at  about  70°  F. ,  but 
the  olives  are  not  heated  and  come  in  cold.  The  run  of  a  pressure  is  a  mixture  of 
water  and  oil,  fine  material  of  the  olive,  and  oil.  After  the  run  has  stood  a  short 
time  the  oil  has  in  part  come  to  the  surface  and  the  water  sunk  to  the  bottom  with 
an  intermediate  stratum  of  a  mixture  of  oil,  water,  and  fine  material.  The  oil  is 
skimmed  off  the  surface  as  soon  as  it  appears  in  sufficient  quantity,  and  this  skim- 
ming is  continued  indefinitely  until  the  oil  is  called  for  and  filtered  for  bottling.  The 
processes  are  the  old  ones  in  use  in  all  the  old  countries  where  oil  is  expressed,  and, 
so  far  as  I  can  judge,  the  best  known  up  to  the  present  time.  There  is  absolutely  no 
secret.  All  depends  on  an  intimate  knowledge  of  the  olive  and  these  processes,  and 
I  employ  selected  Italians  from  the  oil  districts  of  Tuscany  to  secure  efficient  work. 
Frequent  experiments  are  tried  here  in  various  lines,  hoping  to  lessen  the  labor,  but 
so  far  without  any  serious  success.  The  De  Laval  Company  tried  a  separator  here 
this  winter,  and  we  hope  that  the  expert,  now  fully  acquainted  with  the  difficulties 
to  be  met,  may  work  out  an  oil  separator  or  a  series  of  separators  which  will  take  the 
olive  just  picked  and  give  the  refined  oil  at  the  ertd  of  the  process  or  processes.  An 
exceedingly  able  English  mechanic  has  tried  two  experiments  with  a  new  press  this 
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season  here,  and  has  since  continued  his  experiments  with  olives  sent  to  San  Fran- 
iOBco,  of  which  I  have  not  as  yet  learned  the  result.  I  am  confident  that  we  shall 
before  long  have  a  machine  which  will  avoid  the  costly  process  of  partial  evapora- 
tion and  handle  the  olives  as  they  come  from  the  tree  without  sacks  or  the  cider- 
press  outfit,  both  of  which  mean  much  labor  and  expense. 

Yours,  very  truly,  Edward  E.  Goodrich. 


Jahacha  p.  C,  San  Djbgo  County,  Cal.,  March  SO^  1902, 
Tours  of  March  22,  asking  for  information  in  regard  to  olive  oil,  just  received. 
I  have  no  secret  process.  I  inclose  a  printed  description  of  my  process,  which 
very  clearly  shows  our  method.  We  use  no  heat  at  any  stage  of  the  process.  This 
cold-water  separator  I  (consider  a  great  improvement  over  the  old  way  of  storing  in 
large  settling  vats  and  skimming  off  the  oil  as  it  rises.  By  this  process  the  oil  is 
separated  from  the  lees  as  fast  as  pressed.  Every  morning  the  oil  expressed  the  day 
before  is  taken  from  the  separator  and  placed  in  the  racking  tanks.  I  use  only  ripe 
olives  and  press  them  fresh  from  the  tree.  I  put  up  two  grades,  only  one  of  which 
we  bottle.    No.  2  is  sold  only  in  bulk  to  our  local  trade. 

The  cost  of  production  of  course  depends  entirely  upon  the  price  of  oUves.  This 
season  we  have  paid  |40  per  ton;  this  is  $30  less  than  we  have  ever  paid  before.  At 
this  price  for  olives  I  figure  my  oil  costs  me  very  close  to  $1.50  per  gallon  for  the 
season's  run.  Our  olives  in  this  locality  are  nearly  all  Mission.  What  few  we  have 
of  others  we  mix  with  them. 

Yours,  very  truly,  C.  M.  Gifford. 

c.  M.  gifford's  process  of  expressing  olive  oil. 

My  process  of  expressing  olive  oil  is  very  simple  and  is  as  follows: 

Only  ripo  olives  are  used.  The  fruit  is  first  crushed  in  a  large  stone  basin  by 
means  of  a  revolving  stone  wheel;  it  is  then  taken  to  the  presses,  where  the  oil  and 
juice  are  separated  from  the  pomace.  The  oil  and  juice  are  then  passed  through  our 
new  cold-water  separator,  wnere  it  comes  in  ex)ntact  with  a  stream  of  pure  si>ring 
water  under  heavy  pressure,  which  thorou|2[hly  washes  and  lemoves  from  the  oil  all 
vegetable  matter.  Next  it  goes  to  the  racking  tanks,  where  it  is  thoroughly  racked 
and  allowed  to  clarify.  It  is  now  taken  to  the  filter  room  and  filtered  through 
paper,  made  for  this  purpose,  directly  into  the  bottles. 

The  utmost  care  and  cleanliness  are  al)eolutely  neceseor}'  in  the  making  of  a  high- 
grade  olive  oil,  the  product  being  very  susceptible  to  taint. 


Santa  Barbara,  Cal.,  November  £Sy  1901, 
In  my  process  the  fruit  is  first  dried  in  the  sun  for  about  two  or  three  weeks,  then 
crushed,  pits  and  all,  to  a  fine  pulp,  mixed  with  hot  water  (nearer  200°  than  90°  F., 
contrary  to  the  accepted  theory),  and  pressed  through  scalded  Russia  crash.  This 
product  is  then  stored  for  some  months  in  heavy,  very  clean  whisky  barrels  with 
the  air  entirely  excluded,  each  barrel  having  considerable  of  the  black,  watery  fluid, 
or  lees,  as  it  is  called  here,  into  which  all  impurities  settle  from  the  oil.  If  it  shows 
signs  of  fermentation  when  first  stored,  which  occurs  some  years,  I  place  a  glass 
siphon  in  the  top  of  the  barrel,  cemeiit  in  a  cork  with  parafiin,  and  allow  the  gas 
to  escape  in  pure  water.  The  oil  is  then  drawn  off  from  a  point  just  above  the 
lees  and  filtered  through  paper,  a  sample  of  which  is  inclosed  herewith.  I  never 
crushed  the  pits,  but  have  made  up  my  mind  that  the  flavor  of  the  oil  is  not  changed 
at  all  by  doing  so.  This  oil  brings  the  highest  price  of  any  oil  I  know  of  ($15  a  case 
of  12  bottles,  6  to  the  gallon) ,  and  yet  I  am  convinced  it  has  always  cost  me  that  much 
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or  more  to  produce  it,  although  I  charge  up  my  fruit  at  4  cents  a  pound,  which 
is  what  we  paid  when  we  were  running  the  El  Montecito  Manufacturing  Com- 
pany, but  they  are  quoted  now  at  just  half  ($40  a  ton),  which  is  just  twice  what 
I  have  to  pay  for  picking  (1  c«nt  a  pound).  We  have  spent  a  small  fortune,  I 
think  fully  $*50,000,  in  trying  to  introduce  pure  olive  oUf  and  failed,  closing  the  mill 
indefinitely.  I  think  in  our  mill  the  oil  cost  us  $1.17  a  bottle,  and  much  of  it  had  to 
be  sold  at  40  cents. 

Respectfully,  yours,  Pbveril  Meigs. 

MSTHODS  OF  AKALTSIS  AND  INTERPEETATIOK  OF  RESULTS. 

The  methods  used  in  this  work  are  not  ^iven  in  this  bulletin  if  they 
are  to  be  found  in  Bulletin  66*  of  this  Bureau  or  are  modifications  of 
methods  already  published.  More  attention  will  be  given  to  the  dis- 
cussion of  the  application  of  these  methods  and  their  limitations  in  the 
detection  of  various  adulterants.  In  many  control  laboratories  it  is 
customary  to  make  a  few  of  the  simpler  determinations  and  qualita- 
tive tests,  and  to  judge  the  state  of  purity  of  the  oil  from  the  results 
obtained  by  these  determinations.  While  in  many  cases  this  is  suffi- 
cient, especially  if  gross  adulteration  has  been  practiced,  it  is  entirely 
inadequate  in  ease  the  amount  of  foreign  oil  added  is  small.  In  such 
an  instance  a  thorough  examination  is  essential  to  properly  judge  an 
oil.  The  condition  of  an  oil  may  frequently  be  such  as  to  give  abnor- 
mal values,  even  though  it  is  absolutely  pure.  For  example,  an  oil 
having  a  high  acidit}^  would  give  too  low  results  for  specific  gravity, 
index  of  refraction,  and  possibly  too  low  a  Hiibl  value,  especially  if 
the  free  fatty  acids  had  become  oxidized.  If  the  determination  of 
acidity  were  made,  it  would  explain  at  once  the  abnormal  results. 
Frequently  an  oil  that  may  be  pronounced  adulterated  upon  super- 
ficial examination  will  upon  more  careful  analysis  be  found  to  be 
unadulterated. 

The  qualitative  tests,  while  in  many  cases  conclusive,  must  be  used 
with  caution.  Halphen's  test,  if  positive,  is  satisfactory  proof  of  cot- 
ton-seed oil,  but,  as  will  be  shown  later,  the  heated  oil  does  not  respond 
with  this  reagent.  The  tests  of  Baudouin  and  of  Villivecchia  for 
sesame  oil  are  conclusive  if  used  with  proper  precautions,  but  some 
oils  from  Tunis  give  a  color  with  this  reagent  that  may  easily  be  mis- 
taken. The  Bechi  test  for  cotton-seed  oil  and  the  Renard  test  for  pea- 
nut oil  must  be  used  with  extreme  care  or  misleading  results  will  be 
obtained. 

Specific  Gravity. 

The  specific  gravity  was  determined  by  the  use  of  a  hydrometer 
graduated  from  0.9100  to  0.9300  at  15.5^  C.  and  reading  to  0.0002. 

<x  Provisional  methods  for  the  analysis  of  foods,  adopted  by  the  Association  of  Offi- 
cial Agricultaral  Chemists,  November  14,  15,  16,  1901. 
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The  readings  were  made  as  near  15.6^  C.  as  possible  and  correction  for 
temperature  made  by  the  following  formula:^ 

G=G'+0.00063  (T-15.5^  C). 
G= specific  gravity  at  15.5*^  C. 
G'= specific  gravit}'^  at  T. 
0.00063= mean  correction  for  1*^  C.  (for  olive  oil). 

The  correction  factors  for  other  oils  are  given  in  the  provisional 
methods  for  the  analysis  of  foods.* 

The  determination  of  specific  gravity  is  a  quick  way  of  detecting 
gross  adulteration  of  olive  oil  with  the  seed  oils,  practically  all  of 
which  have  a  higher  specific  gravity.  The  range  of  specific  gravities 
on  pure  olive  oils  of  the  grade  used  for  salad  purposes  is  quite  narrow. 
On  33  samples  of  pure  California  oils  the  specific  gravity  varied  from 
0.9162  to  0.9180,  with  an  average  of  0.9168.  One  sample,  No.  673, 
had  a  specific  gravity  of  0.9149,  but  had  12.11  per  cent  of  free  acid, 
which  explains  the  low  gravity  and  excludes  the  oil  from  use  for  salad 
purposes.  Eighteen  samples  of  Italian  oils  gave  a  range  of  from 
0.9155  to  0.9180,  with  an  average  of  0.9163.  Blasdale^  on  11  sam- 
ples of  California  oils  found  a  variation  of  from  0.9161  to  0.9174. 
Milliau^  found  on  French  oils  a  range  of  from  0.9169  to  0.9172,  and 
for  Tunis  oils'"  a  range  of  from  0.9170  to  0.919(i,  with  an  average  on 
49  samples  of  0. 9183.  De  Negri  and  Fabris-^  in  a  very  exhaustive  exam- 
ination of  Italian  oils  found  on  70  samples  a  range  of  from  0.9160  to 
0.9180,  and  an  average  of  0.9166.  These  authors  found  one  sample  of 
oil  made  from  rotten  olives  which  had  a  specific  gravity  of  0.9145. 
This  low  figure  was  most  likely  due  to  the  presence  of  free  fatty  acids, 
which  were  not  determined,  but  which  were  probably  present  in  suffi- 
cient amounts  to  materially  influence  this  constant  and  to  exclude  the 
product  from  edible  oils.  Colby  ^  gives  the  range  for  California  oils 
of  0.9140  to  0.9185,  but  in  the  absence  of  definite  data  regarding 
the  amount  of  free  acids  present  the  lower  limit  can  hardly  be  accepted 
for  a  normal  oil.  From  the  above  figures  it  is  apparent  that  there  is 
but  little  variation  in  the  specific  gravity  of  edible  olive  oils  from  dif- 
ferent sources  and  from  different  varieties  of  olives. 

The  specific  gravity  of  California,  French,  and  Italian  olive  oils 
varies  from  0.9140  to  0.9185,  while  the  oils  from  Algeria  range  as 

o  Allen,  Coin.  Org.  Anal.,  3d  ed.,  vol.  2,  pt.  1,  p.  33.  Winton,  Connecticut  Agr. 
Expt.  Sta.  Kept,  1900,  pt,  2,  p.  149. 

&U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  65,  p.  21. 

cJoMT.  Amer.  Chem.  Soc.,  1895,  17:  935. 

rfBul.  du  Miniptere  de  T  Agriculture,  1895,  p.  1.^. 

<'Milliau,  IU?rtainchand  et  Malet,  Bui.  de  I'Agrictulture  et  Comment  de  Tunis, 
**  Rapport  8ur  les  huiles  d*olive  de  Tunisie,  1900." 

/Annali  del  Lab.  chim.  centr.  delle  Gabelle,  vol.  1,  Gli  Olii,  pt.  1,  p.  38. 

J? California  Agr.  Expt.  Sta.  Rept.,  1897-98,  p.  169. 
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high  as  0.9196.     Zammit  ^  called  attention  to  the  fact  that  the  presence 
of  free  acids  in  olive  oils  reduces  the  specific  gravity,  and  the  following 
table  taken  from  his  results  shows  the  effect  of  excessive  amounts: 
Table  IH. — Effect  of  excessive  amounts  of  free  acids  in  olive  oUs  on  their  specific  gravity. 


Free  add  as  oleic. 


12  per  cent 
18  per  cent 
14  per  cent 
16  per  cent 
20  per  cent 


Specific 
gravity 
16.60  C. 


0.9147 
.9139 
.9148 
.9144 
.9132 


Free  acid  as  oleic. 


25  per  cent 

27  per  cent 

28  per  cent 
31  per  cent 


Specific 


0.9128 
.9186 
.9124 
.9122 


Table  IV  gives  the  range  of  specific  gravity  of  all  the  oils  considered 
in  this  bulletin.  Oils  having  an  excessive  amount  of  free  acids,  and 
consequently  abnormal  specific  gravity,  have  been  excluded  from  the 
ranges  given  in  the  column  of  "Results  obtained  in  Bureau  of  Chem- 
istry." This  explains  in  many  cases  the  lack  of  agreement  between 
the  results  from  the  two  sources.  An  example  of  this  is  one  sample 
of  peanut  oil  having  13.51  per  cent  of  free  acids  and  a  specific  gravity 
of  0. 9155.  The  other  three  samples  of  peanut  oil  have  specific  gravities 
of  0.9186  and  above,  which  are  considered  about  normal  for  this  oil. 

Tablb  IV. — Specific  gravity  of  oils. 


Kind  of  oil. 

Results  obtained 
in    Bureau    of 
Chemistry, 

California  olive 

1       0.9162  to  0.9180 

Italian  olive 

QlfVStn    .91«0 

French  olive 

Compiled  results. 


Algerian  olive . 

Lard 

Rape 

Mustard 

Almond 

Peanut 

Cotton-seed . 

Sesame 

Maize 

Sunflower... 
Poppy 


.9148  to  .9175 
.9143  to  .9163 
.9147  to    .9193 

.9186 
.9186  to  .9188 
.9226  to    .9236 

.9218 
.9233  to  .9256 
.9201  to  .9205 
.9239  to    .9244 


0.9140 
.9158 
.9109 
.9170 
.9150 

.  .9112 
.9125 
.9154 
.9110 
.9160 
.9200 
.9213 
.9240 
.9240 


to  0.9185 

to  .9180 

to  .9172 

to  .9196 

to  .9160 

to  .9184 

to  .9188 

to  .9200 

to  .9220 

to  .9362 

to  .9250 

to  .9255 

to  .9262 

to  .9370 


Index  of  Refraction. 

This  determination  was  made  with  a  Zeiss  butyro-ref ractometer,  the 
readings  being  made  as  nearly  at  15. 5*^  C.  as  possible.  As  it  is  not 
always  convenient  to  make  the  readings  at  this  temperature,  the  factor 
to  be  used  for  the  correction  for  temperature  was  determined  on  oils 
likely  to  be  used  as  substitutes  for  olive  oil.*  The  butyro-ref  ractometer, 
on  account  of  its  ease  of  manipulation,  is  very  widely  used,  but  its 
empirical  scale,  with  divisions  of  varying  value  in  refractive  indices, 
requires  for  an  accurate  correction  for  temperature  that  the  scale  read- 
ings be  calculated  to  indices  of  refraction  and  the  temperature  correction 
applied  thereto.     The  reason  for  this  can  be  seen  from  Table  V. 

a  Rev.  Int.  Fals.  Alim.,  1899,  12:  84. 

^Tolman  and  Munson,  Jour.  Amer.  Chem.  Soc,  1902,  24:  764. 
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Table  V. —  Value  of  butyro-refractometer  degrees  in  refractive  indices  on  different  parts  of 

the  scale. 


Scale 

Na. 

Differ- 

divwion. 

ence. 

0 
10 

1.4220 
1.4300 

1       0.0080 

40 
BO 

1.4524 
1.4593 

.0069 

90 
100 

1.4H40 
1.4895 

1         .0065 

From  this  it  will  be  seen  that  ten  scale  divisions  from  0  to  10  on  this 
instiniment  equal  0.0080  in  index  of  refraction,  while  from  90  to  100  they 
equal  0.0055.  It  is  evident  that  if,  as  shown  in  Table  VII,  the  change 
in  the  refractive  index  for  1  ^  C.  is  practically  a  constant,  then  the  change 
in  the  scale  division  of  this  instrument  for  1  ^  C.  must  be  a  variable  and 
will  increase  as  the  scale  reiuHng  increases.  This  is  shown  in  Table 
VI,  which  gives  the  readings  on  rape  oil.  The  change  for  1^  C. 
decreases  as  the  temperature  rises. 

Table  VI. —  Variable  temj>er(iture  correction  iji  btdyro-refraciometer  readings. 


Temperature. 


2..SOC 
21. 8°  C 

21. 8°  C 
88. 4°  C 


Scale 
readingK. 


Dcffrees. 
82.0 
70.5 

70.6 
61.0 


Change  for  l^C. 


In  Hcale 
reading. 


Degree. 
0.60 

.57 


In  re- 
fractive 
index. 


0.000860 


.000360 


Table  VII  gives  the  determinations  of  the  temperature  corrections 
of  various  oils. 

Table  VII. — Temperature  corrections  for  varimis  oils. 


Labo- 
ratory 
No. 


j  First  reading. 


Second  read- 
ing. 


Third  read- 
ing. 


Kind  of  oil. 


'Teni- 
'  pera- 


Butyro-  Butyro- 

refrac-  Tern- 1  refrac-  \  Tem- 

toineter  pera-  itometen  pera- 
read-  ture.  read-  I  tore, 
ing.  ing. 


23605 

fm 

'»m 
498 
491 
498 

23624 
496 
490 
486 
495 
487 

22434 
199 

23<y)6 
492 


I 


T 


Olive 

do 

do 

Poppy  seed 

Maize 

]  Sunflower 

! do 

I  Rape 

do 

'  MiLstard 

Black  muKtard I 

Lani 1 

....do 

Peanut 

....do I 

Peanut  and  cotton  I 

8ee<l I 

Se«w,me i 

Cotton  seed I 


3.4 
3.2 
3.2 
9.0 
2.8 
3.0 
3.0 
2.8 
3.4 
2.8 
3.2 
3.0 
3.0 
3.0 
3.3 

3.4 
3.4 
3.4 


Deffrern. 
76.5 
76.0 
76.0 
82.5 
W.  5 
81.0 
81.2 
82.0 
*82. 2 
84.5 
H4.5 


22.0 
22.2 
22.2 
19.9 
21.8 
21.8 
22.0 
21.8 
22.0 
22.0 
22.0 


74.5  I  22.0 
75.2  22.0 
78. 5  22. 0 
7(i.O     "22.0 


Degrees. 

65.5  . 
64.8 
65.0  I 

75.6  I 
73.0  i 
69.5  I 
70.0  I 
70.5 
71.0  , 
72,5 
73.0  I 
63.4 
64.0 
67. 2 
W.5 


37.8 
36.8 
18.3 
41.0 
39.6 
39.0 
89.0 
38.4 
38.8 
38.0 
39.4 

:n.6 

39.2 
37.2 
44.2 


Increaiie  for  1°  C. 


Butyro- 
refrac- 
tometer 
read- 
ing. 

I)€gree». 
56.5 
56.5 
53.0 
63.2 
62. 5 
59.5 
60.0 
61.0 
61.4 
63.2 
63.0 
M.6 
54.0 
58. 5 
52.3 


Between  Between 


llntt  and 
second 
reading. 


second 
and  third 
reading. 


K2.0     22.0         70.5     42.5         58.8 
81.2     22.0         70.0     :W.2  '      60.5  i 
81.5     22.2         70.0     37.6         61.2  ' 


Degree. 

0.  m 

.59 
.5^ 
.68 
.60 
.61 
.59 
.60 
.60 
.62 
.61 
.58 
.59 
.59 
.61 

.61 
.60 
.61 


1 


Average  . 


Degree. 
Q.hl 
.57 
.56 
.59 
.59 
.58 
.58 
.57 
.57 
.58 
.57 
.56 
.57 
.57 
.65 


In  index 
of  refrac- 
tion. 


0.000366 


.000360 


.000366 


.000364 
.000863 
.000864 
.000360 
.000861 
.000868 
.000372 
.000865 
.000866 


.57  ' 

.58    .000870 

.57    .000868 


.000666 
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From  these  results  it  is  seen  that  the  correction  of  the  index  of 
refraction  for  l*^  C.  in  practically  a  constant  for  all  of  the  oils  examined, 
while  the  correction  in  scale  divisions  varies  from  0.66  to  0.63  for 
1*^  C.  For  great  changes  of  temperature  it  is  not  accurate  to  use  the 
scale  division  factor,  but  the  results  must  be  reduced  to  indices  of 
refraction  and  the  correction  applied  to  them.  The  following  formula 
may  be  used  to  correct  for  a  range  of  10  degrees: 

R  =R'  +  X(T'-T). 

R  =  reading  corrected  to  T. 

R'  =  reading  at  T^. 

T   =  desired  temperature. 

T'  =  temperature  at  which  readings  are  made. 

X  =:  change  in  scale  division  ciiuse<i  by  a  change  of  temperature  of  1^  C.    (X  =  0.55 

for  butters;  0.58  for  oils  that  read  from  60°  to  70°  on  the  scale;  and  0.62  for 

oils  that  read  from  70°  to  80°.) 

The  determination  of  the  index  of  refraction  has  much  the  same 
value  in  the  detection  of  adulteration  as  the  determination  of  specific 
gravity.  The  forty-two  samples  of  California  oils  examined  had  a 
range  of  from  1.4703  to  1.4718,  with  an  average  of  1.4711.  These 
limits  exclude  one  sample  having  44  per  cent  of  free  acid  and  an  index 
of  1.4672,  as  free  acid  reduces  the  index  of  refraction  of  an  oil. 
Blasdale  ^  on  eleven  samples  of  California  oils  obtained  a  i*ange  of 
1.4710  to  1.4716.  Colby  Ogives  a  range  for  California  oils  of  from 
1.4689  to  1.4717,  but  this  is  probably  too  wide  for  oils  which  can  be 
classed  as  salad  oils.  On  eighteen  samples  of  pure  Italian  oils  reported 
in  this  bulletin  there  was  found  a  range  of  from  1.4703  to  1.4713. 
There  is  therefore  a  total  variation  in  the  detenninations  made  in 
this  laboratory  of  from  1.4703  to  1.4713,  with  no  difference  between 
the  California  and  Italian  oils.  Table  VIU  gives  the  index  of  refrac- 
tion obtained  on  various  oils. 


Table  VIII. — Bvlyro-refractoineter  readings  and  re 

fractive  indices  of  ails. 

Kind  of  oil. 

Number 

of 
samples. 

Butyro-refrac- 

tometer 

readings  at 

16.5°  C. 

Index  of  refrac- 
tion at  15.6°  C. 

California  olive 

42 

18 
4 
1 
3 
5 
4 
1 
1 
4 
4 
1 

66. 9  to  69. 2 

67. 3  to  68, 6 

68. 8  to  69. 6 

70.9 

70.0  to  71. 3 
74. 6  to  76. 5 

74. 1  to  74. 8 

73.3 

?2.7 

76. 6  to  77. 6 

72. 8  to  75. 6 

77.8 

1.4703  to  1.4718 

Italian  olive f. 

1.4706  to  1.4713 

Lard 

*   1.4702  to  1.4720 

Almond 

1.4728 

Peanut 

c  1.4723  to  1.4731 

M  U8tard 

1.4750  to  1.4762 

Rape 

1. 4748  to  1. 4752 

Sesame 

1.4742 

Sunflower 

1.4739 

Maize 

1.4767  to  1.4768 

Cotton-seed 

1. 4737  to  1. 4767 

Poppy 

1.4770 

«Jour.  Amer.  Chem.  Soc.,  1895,  17:  935. 
ftCalifomia  Agri.  Expt.  Sta.  Rept.,  1897-98,  p.  169. 

<'*One  sample  of  peanut  oil  containing  13.51  ^er  cent  of  free  acids  had  an  index  of 
refraction  of  1.4707. 
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Maumen^.  Number  «  and  Specific  Temperature  Reaction.* 

The  method  used  in  making  this  determination  was  that  described  in 
the  Provisional  Methods  for  the  Analysis  of  Foods.  ^ 

The  specific  temperature  number  was  calculated  by  the  following 
formula: 

e      lOOA 
S  =  -^-. 

S  =  Specific  temperature  number. 
A  =  Maumen^  number. 

B  =  The  rise  of  temperature  obtained  with  pure  water  under  the  same  conditions  as 
those  used  in  the  Maumen^  test. 

This  simple  test  if  carried  out  properly  is  a  most  valuable  and  rapid 
means  of  judging  the  purity  of  olive  oil.  Lard  oil  is  practically  the 
only  oil  which  would  be  used  as  a  substitute  that  has  as  low  a  figure. 

Different  analysts  have  obtained  widely  varying  figures  for  this  test, 
but  it  is  easily  shown  that  these  are  due  to  the  use  of  acids  of  varying 
strength.  Colby,**  in  preparing  standards  for  the  Association  of 
Official  Agricultural  Chemists,  gives  from  published  results  a  range 
for  this  test  of  32  to  47;  but  such  figures  as  these  have  no  value  as 
they  represent  results  obtained  by-  different  methods  and  different 
strengths  of  acid.  Blasdale^  found  on  a  number  of  California  oils  a 
range  of  45  to  47.  With  the  42  samples  of  California  oils  of  known 
purity  examined  in  this  laboratory  a  range  of  43.5  to  52.1  was  found, 
with  an  average  of  46.8.  In  contrast  to  these  results,  Milliau,-^  in  his 
report  on  the  oils  of  Tunis,  gives  a  range  of  30  to  36.  These  figures 
represent  the  variation  found  in  50  samples  of  oils  from  varied  sources 
and  processes  of  manufacture.  Milliau,^^  in  an  earlier  report  on  the 
olive  oils  of  Europe,  gives  a  mnge  for  t*he  Maumene  figure  of  30  to  35. 
This  wide  difference  in  results  is  due  entirely  to  the  strength  of  the 
acid  used  in  making  the  test.  The  actual  limits  where  the  same  method 
and  the  same  strength  of  acid  are  used  are  quite  narrow.  In  prepar- 
ing acid  for  this  test  Milliau*  diluted  95  parts  by  volume  of  pure  66^ 
Baum6  acid  with  5  parts  of  distilled  water.  The  acid  prepared  in  this 
way  gives  a  rise  of  temperature  with  water  of  about  38^  C,  and  com- 
pares satisfactorily  when  calculated  to  the  specific  temperature  number 
with  results  obtained  by  the  use  of  strong  acid  giving  a  rise  of  tem- 
perature with  water  of  45  to  46"^  C.  In  this  laboratory  an  acid  with  a 
specific  gravity  of  1.844  was  used,  which  gave  a  rise  of  temperature 

"Comp.  Rend.,  1852,  35:  572. 

&Thoni8on  and  Ballantyne,  Jour.  Soc.  Chem.  Ind.  1891,  10:  233. 

cJJ.  8.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  65,  p.  31. 

rf California  Expt.  Sta.  Kept,  1897-98,  p.  169. 

<?Jour.  Amer.  Chem.  Soc.,  1895,  17:  935. 

/ Milliau,  Bertainchand  and  Malet,  Rapporteur  len  huiles  d' olive  de  Tunisle,  1900. 

<jBu\.  du  Minlst^re  de  T  Agriculture,  1895,  p.  139. 

A  Buletinul  camerei  de  comerciu  si  Industrie  din  Bucuresci,  1900. 
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with  water  of  46"  C.  Thus  it  can  be  seen  that  the  Maumen^  numbers 
alone  have  no  comparative  value.  Either  the  exact  strength  of  the 
acid  must  be  given,  or,  perhaps  better,  the  rise  of  temperature  with 
water  under  standard  conditions. 

Thomson  and  Ballantyne,^  in  order  to  give  these  results  a  compara- 
tive value,  proposed  to  report  them  as  specific  temperature  numbers. 
They  showed  that  with  acid  varying  from  96.4  to  99  per  cent  there 
was  only  a  very  slight  difference  in  results  when  calculated  to  specific 
temperature  numbers,  the  stronger  acid  giving  slightly  higher  results. 
Sherman,  Danziger,  and  Kohnstamm*  showed  that  if  there  was  a  much 
greater  variation  in  the  strength  of  acid  used  there  was  also  a  wider 
variation  in  the  specific  temperature  numbers.  With  acid  varying  in 
strength  from  89  to  96  per  cent  they  found  an  average  of  from  90  to 
103  in  specific  temperature  numbers  on  the  same  olive  oil. 

The  Maumen6  numbers  obtained  by  the  writers  on  32  samples  of 
olive  oil  of  known  purity  using  different  strengths  of  acid  are  given 
in  Table  IX. 

Table  IX. — Maumene  and  specific  temperature  numbers  of  olive  oils. 


Serial 
number. 


Rise  of 
tempera- 
ture    1 

sriven 
with  pure 
I   water. 


Mhu- 

mend 

number. 


962. 
960. 
934. 
836. 
981. 


;1 


935. 
955. 
961. 
938. 
959. 
953. 
954. 
966. 
957. 
952. 
968. 
835. 
838. 
837. 
840. 
839. 
834. 


33.3  I 

33.3  ' 
34.0  I 
34.0  ; 
34.0 

34.4  , 
34.4 
34.4  I 
34.4  , 
34.4  I 


31.4 
29.8 
29.6 
30,0 
29.8 
30.6 

27.4  , 
27.1  ' 

27.5  I 
28.7 

28.6  ' 


Specific 
temperar 
ture     I 
number. 

94.3 
89.4 
88.9 
88.2 
87.0 
90.0 
79.6 
78.8 
79.9 
83.4 
83.1 


831. 
796. 
796. 
797. 
798. 


Maximum 
Minimum 
Difference 


^.4 

31.4  , 

94.3 

33.3 

27.1 

78.8 

1.1 

4.3' 

1 

15.5 

Ri«eof 
tempera- 
ture 

given 
with  pure 

water. 

Mau- 

men6 

number. 

Specific 
tempera- 
ture 
uumber. 

°C. 

1         1 

1 

1  ...    ...J ; 

37.7 

36.6  1          97.0    ' 
, 1 

37.7 
37.7 

33.2            88.0    , 
33.4  :          88.6    ' 

1 

:i 

35.6 
35.6 
35.6 
35.6 
35.6 
35.6 
35.6 
37.7 
37.7 
37.7 
37.7 
37.7 

38.5 
88.5 
38.5 

:«.5 

38.5 
38.5 
38.5 
38.5 

28.8            80.9 

31.6  1          88.8 

31.8  '          88.0 
31.5  1          88.5 
29.0  ,          81.4 

28.0  '          78.6 
29.4  1          82.6    , 

35.9  ,          95.2 

37.7  1        100.0    1 

35.4  1          S3. 9    1 

37.5  '          99.5 
38.9  1        103.1  l| 
36.1,         93.8, 

36.8  1          96.5' 

37.1  1          96.4  || 

36.0  93.5  ; 
37.7  1          97.8  h 

39.1  1        101.5  1, 
38.4  '          99.7  II 
39.1  1        101.5  li 

38.5 
35.6 
2.9 

39.1 

28.0 
11.1 

108.1  li 
78.6  1 

24.5  li, 

1. 

Rise  of  ' 

i"™     I    men* 

XpSrc '"^»»'- 
water,    i 


°C.      ' 
43.9  ' 
43.9 
43.9 
45.6 
45.6  , 
45.6 
45.6 
45.6 
45.6 
45.6  I 
45.6 
47.5  ' 
47.5  1 
47.5 
47.5  i 
47.5 
47.5 
47.5 
45.6 
45.5 
45.5 
45.5 
45.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 


48.5 
44.7 
42.5 
48.2 
44.4 
44.4 
43.5 
44.2 
44.2 
43.5 
44.8 
46.2 
47.0 
48.8 
49.1 
45.0 
45.0 
48.0 
44.8 
49.5 
45.0 
48.2 
48.4 
46.2 
48.0 
47.6 
46.6 
50.0 
52.1 
50.2 
51.0 


specific 
tempera- 
ture 
number. 


47.5 
43.9 
3.6 


52.1 
42.5 
9.6 


99.1 

101.8 

96.8 

105.7 

97.4 

97.4 

95.4 

97.0 

97.0 

95.4 

98.2 

97.2 

99.0 

101.7 

103.4 

94.7 

94.7 

101.0 

98.5 

108.8 

98.9 

105.9 

106.4 

97.2 

101.0 

100.1 

98.1 

106.2 

109.7 

ia5.6 

107.3 


109.7 
94.7 
15.0 


The  results  given  in  this  table  show  that  when  there  is  a  wide  dif- 
ference in  the  strength  of  acids  used  the  specific  temperature  numbers 


aJour.  Soc.  Chem.  Ind.,  1S91,  10:  233. 
ftJour.  Amer.  Chem.  Soc.,  1902,  24:  266. 
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are  not  of  much  value  for  comparative  purposea,  but  if  there  is  only  a 
slight  difference  in  strength  they  give  very  satisfactory  results.  The 
variation  is  least  when  a  strong  acid  is  used,  giving  a  rise  of  tempera- 
ture with  water  of  43.9^  C.  to  47.5°  C,  showing  that  the  Maumen^ 
number  obtained  on  olive  oils  with  strong  acid  is  more  uniform  than 
with  the  weaker  acid.  However,  the  strong  acid  is  not  satisfactory 
for  use  on  seed  oils,  as  the  reaction  becomes  too  violent  and  the  oil  is 
broken  up.  With  seed  oils  a  weaker  acid  was  used,  as  suggested  by 
Sherman,  Danziger,  and  Eohnstamm.^ 

The  following  table  gives  the  results  obtained  in  this  laboratory  on 
various  oils.  The  strongest  acid  was  used  on  the  olive  and  lard  oils,  and 
a  weaker  acid  on  the  seed  oils. 

Tablk  X. — MaunierU  and  specific  tempercUure  numbers  ofixirious  oils. 


Kind  of  oil. 

MRiimon<i     1   Specific  tem-  , 

Kind  of  oil. 

Maumen^ 
number. 

Specific  tem- 
perature num- 
ber.a 

Cftlifomiaoliye. . . 

42.6toG2.0l     94.7  to  109.7 
42.6to49.1  1     95.6tol04.7 
46.510  47.8      103. 3  to  106. 2 
61.0  to  63. 2      185. 5  to  140. 2 
61.0  to  79.4      130.9  to  190.3 
54.5  to  67.8      185.0  to  152.6 

Almond 

45.3 

61.8 

60.0 

75. 2  to  89. 2 

an  Itn  7S  4 

117.6 

Italian  olive 

Sesame 

170.8 

Lard 

Sunflower 

Maize 

166.7 

Peanut 

190. 2  to  212. 5 

Mustard 

Cotton  seed  .... 

172. 4  to  191. 1 

Rape 

Poppy '       TO.  8  to  ffi-  5 

213.0  to  237.0 

a  Acids  of  quite  widely  differing  strengths  were  used  In  these  determinations. 

loDiN  Absorption. 

The  method  used  for  this  determination  was  the  modified  Hubl 
method,  as  adopted  b}'^  the  Association  of  Official  Agi'icultural  Chem- 
ists,* in  which  the  iodin  solution  is  allowed  to  stand  in  contact  with 
the  oil  for  three  hours. 

The  iodin  number  was  found  to  be  exceedingly  variable.  On  42 
samples  of  California  oil  examined  the  range  was  78.5  to  89.8,  with 
an  average  of  85.1.  Blasdale^  found  a  range  of  from  80  to  86.5,  with 
an  average  of  84.  Colby  ^  gives  a  range  of  77.7  to  93.5  for  California 
oils  of  known  purity.  On  17  samples  of  Italian  oils  the  variation  was 
from  79.2  to  86.1,  with  an  average  of  81.5.  De  Negri  and  Fabris* 
found  on  88  samples  of  pure  Italian  oils  a  range  of  from  79.1  to  89.8, 
with  an  average  of  83.7.  Milliau-^  found  for  French  oils  a  range  of 
from  84  to  85,  and  for  the  oils  of  southern  Europe  and  Tunis  a  range 
of  from  81.4  to  85.2.  Later  o'  he  found  on  Tunis  oils  a  range  of  79.3 
to  89.5,  with  an  average  of  85,  figures  which  are  very  similar  to  the 

a  Jour.  Amer.  Cheui.  Soc. ,  1902,  24:  266. 

&  U.  S.  Dept.  Agr.,  Division  of  Chemistry  Bill.  46,  p.  50;  Bui.  65,  p.  24. 

f  Jour.  Amer.  Chem.  iSoc,  1895,  17:  935. 

rf  California  Agr.  Expt.  Sta.  Kept.,  1897-98,  p.  168. 

*■  Annali  del  Labor,  chim.  centr.  delle  Gabelle,  vol.  1,  Gli  Olii,  pt.  1,  p.  38. 

/Bui.  (lu  Minist^ire  de  P Agriculture,  1895,  p.  139. 

9  Milliau,  Bertainchand,  and  Malet,  Rapport  surles  huiles  d'olive  de  Tunisie,  I90a 
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results  obtained  on  California  oils.  From  these  results  it  would  seem 
that  the  range  of  iodin  numbers  on  California  oils  is  from  78  to  90,  a 
little  wider  than  that  found  on  French  oils,  but  about  the  same  as  on 
Italian  and  Algerian  oils. 

Table  XI  gives  the  range  of  iodin  values  found  in  this  laboratory 
and  by  other  analysts  on  various  oils  of  known  purity.  With  all  these 
oils  this  range  is  extremely  wide,  and  for  this  reason  the  determina- 
tion of  the  iodin  value  is  by  itself  of  little  value  as  a  means  of  detect- 
ing adulteration.  Only  in  cases  of  gross  adulteration  could  it  be 
conclusive.  By  a  careful  selection  of  the  oils  to  he  used  in  making 
the  mixture,  large  proportions  of  either  lard  or  peanut  oil  could  be 
used  without  producing  an  abnormal  iodin  value.  As  is  shown  in 
Table  XVII,  page  26,  the  iodin  value  increases  as  the  solid  fatty  acids 
and  the  melting  point  of  the  fatty  acids  decrease.  It  is  only  when 
this  factor  is  determined,  in  connection  with  these  other  factors  and 
with  the  iodin  value  of  the  liquid  fatty  acids,  that  it  ma}''  sei^ve  as  a 
valuable  indication  of  the  purity  of  an  oil. 

Table  XI. — Tfie  Huhl  number  ofvariov^  oih. 


Kind  of  oil. 

Results  ob- 
tained in  the 
Bureau  of 
Chemistry. 

Compiled 
results. 

Kind  of  oil. 

Results  ob- 
tained in  the 
Bureau  of 
Chemistry. 

Compiled 
results. 

California  olive.. 
Italian  oliye 

78. 6  to  89. 8 
79.2  to  86.1 

77.7 to  98.5 

79.0  to   89.8 

84.1  to   84.5 
79.8  to   89.5 
60.0  to   82.0 
93.0  to  102.0 
85.6  to  106.0 

Cotton-seed 

Sesame 

108. 8  to  110. 9 

106.6 

92. 5  to  101. 2 

98. 4  to  113.0 

116. 7  to  123. 3 

104. 1  to  108. 8 

133. 2  to  134. 9 

106. 5  to  110. 7 
102.0  to  112.0 

French  olive 

Rape 

94.1  to  106.2 

Algerian  olive. . . . 

MusUrd 

92.1  to  106.5 

Lard 

69.7  to  77.2 

96.2 

87.8  to  96.3 

MaiTO 

111.1  to  123. 9 

Almond 

Sunflower 

Poppy 

119.0  to  135.0 

Peannt 

130. 5  to  141.0 

The  Hubl  method  lias  never  been  considered  entirely  satisfactory, 
owing  to  the  poor  keeping  quality  and  the  slowness  of  reaction  of  the 
iodin  solution  used.  Recentl}'  two  new  solutions  have  been  proposed  as 
substitutes,  both  of  which,  it  is  claimed,  remain  practically  unchanged 
for  several  months^  and  are  more  rapid  in  their  reaction  than  the 
Hubl  solution.  The  Wijs*  solution  consists  of  iodin  mono-chlorid  dis- 
solved in  glacial  acetic  acid;  the  other,  proposed  later  by  Hanus,*^  is  a 
solution  of  iodin  mono-bromid  in  glacial  acetic  acid.  Comparative 
tests  of  these  two  solutions  with  the  Hiibl  solution,  made  upon  a  large 
number  of  olive  and  other  oils,  verify  the  claims  made  for  these  new 
solutions  both  as  regards  their  keeping  qualities  and  their  rapidity  of 
action.     A  comparison  of  these  methods  is  given  in  Table  XII. 


<»Tolman  and  Munson,  Jour.  Ainer.  Chem.  S<)(?. 

&Ber.  1898,  81:  752. 

cZtBchr.  Nahr.  u.  Genussm.,  1901,  4:  913. 


1903,  26:  244. 
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Tahlb  XII. — lodin  numbers  of  olive  oil*. 


Laboratory  No. 

Httbl 
number 
(3  hours). 

Wija 
number , 
(30  min- 
utes). 

Hanus 
number 
(30  min- 
utes). 

Differ- 
ence be- 
tween 
Wlia  and 

Hubl 
numbers. 

Differ- 
ence be- 
tween 
Hanus 
and  HQbl 
numbers. 

795 

89.7 
89.7 
89.8 
89.7 
80.9 
84.8 
85.2 
8i.9 
81.5 
81.8 
80.6 
82.7 
81.2 
82.6 
81.3 
86.3 
80.5 
79.2 
81.8 
81.4 
86.1 
81.1 
84.5 
80.5 
80.8 
86.0 
80.7 
86.1 
89.0 
84.0 
83.3 
86.9 
87.2 
85.1 
84.2 
81.9 

90.9 
90.6 
91.4 
91.1 
82.5 
86.7 
86.7 
86.5 
86.1 
82.8 
81.6 
83.1 
81.5 
83.6 
82.2 
87.8 
80.9 
79.9 
83.1 
83.4 
87.7 
82.4 
85.9 
82,0 
82.3 
87.7 
82.2 
87.9 
91.3 

90.4 
90.0 
90.0 
90.4 
81.7 
86.5 
85.9 
85.9 
85.1 
82.8 
81.1 
82.6 
80.9 
83.1 
81.8 
86.7 
81.6 
80.6 
81.8 
81.9 
86.3 
82.3 
86.6 
81.4 
81.1 
86.6 
81.5 
87.1 
89.9 
84.9 
82.6 
87.3 
87.1 
85.6 
84.2 
82.0 

+1.2 
+  .9 
+1.6 
+1.4 
+1.6 
+1.9 
+1.5 
+1.6 
+1.6 
+1.0 
+1.0 

X:t 

+  1.0 
+  .9 
+1.5 
+  .4 
+  .7 
+1.3 
+2.0 
+1.6 
+1.3 
+1.4 
+1.6 
+1.5 
+1.7 
+1.5 
+1.8 
+2.8 

+0.7 

796 

+  .8 

797 

+  .2 

798 

+  .7 

960 

+  is 

883 

+1.7 

831 

832 •- 

+  .7 
+1.0 

834 

936 

+  .6 
+1.0 

933                                              

+  .6 

835 

—  .1 

962 

-  .8 

965 

962 

840 

+  .6 
+  .6 

+  .4 

935 

+1.1 

958 

+1.4 

958 

969 

954 

0.0 
+  .6 
+  .2 

934 

+1.1 

966 

+1.1 

932 

+  .9 

961 

+  .8 

836 

+  .6 

981 

+  .8 

838 

+1.0 

839 

+  .9 

837 

+  .9 

673.. 

84.1 
88.0 
88.1 
86.6 
85.0 
83.4 

+  .8 

-  .7 

841 

+1.1           +  .4 

842 

+.9  1        +  .1 

843 ". 

+1.5 
+  .8 
+  1.5 

+  .5 

844 

0.0 

1091 

+  .1 

Avenure  (36  samnles^ 

i 

+1.3  ■        +0.60 

Maximum ,..,..,,,--' ^ . . 

2.8  1           1.7 

Minimum ' 

1 

0.3  1           0.0 

1 

Table  XII  gives  the  results  obtained  upon  olive  oils  and  Table  XIII 
the  results  obtained  upon  other  nondrying  oils,  semidrj^ing,  and  dry- 
ing oils.  The  values  obtained  with  olive  oils  are  slightly  higher  when 
the  Wijs  or  the  Hanus  solution  is  used,  but  the  difference  is  not  suffi- 
cient to  materially  change  the  standard  already  existing  for  this  oil. 
With  other  oils  having  a  low  iodin  value  closely  agreeing  results  were 
obtained  by  the  three  methods,  as  shown  in  the  values  obtained  for 
oleo  oil,  butter,  and  lard.  With  mustard  and  rape  oil  of  the  nondry- 
ing  oils,  and  linseed  oil  of  the  drying  oils,  much  higher  results  were 
obtained  by  the  Wijs  and  the  Hanus  methods,  and  the  use  of  either  of 
these  will  necessitate  the  establishment  of  new  standards. 
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Labo- 
ratory 
No. 


1170. 
1168. 


487... 
1181... 
1182... 

772... 
1149... 


Oils  and  fats. 


Cocoanut 

Konuta 

Butter 

do 

Oleo 

Oleomargarine. 

do 

do 

do 


NONDRYING  OILS. 


770... 
771... 
776... 
486... 
495... 
776... 
490... 


U69., 
1160. 
1161. 


Lard 

do.a... 

Magnolia . 

do 

Peanut 

....do 

....do.6... 
Mustard... 

....do 

....do 

.do.a... 

do.a... 

Rape 

....do.a... 


8EMIDRYINO  AND  DRYING  OIM. 


491... 

777... 

493... 

774... 
1162... 
1188..." 


Sunflower.. 
Cottonseed. 

do 

do 

Sesamea ... 

Maizea 

do.o 

do 

Poppy  a 

Ldnsecda... 
do.** 


Httbl 
number 
(3hours). 

Wiis 
number 
(30  min- 
utes). 

8.98 

9.06 

6.09 

6.43 

86.3 

36.2 

34.8 

35.9 

42.6 

43.5 

53.6 

53.5 

52.8 

53.7 

52.5 

52.9 

66.3 

66.0 

69.3 

70.6 

73.7 

74.5 

81.7 

79.4 

76.1 

75.6 

96.3 

99.0 

94.5 

95.2 

107.7 

109.5 

110.4 

118.6 

113.0 

118.2 

98.4 

104.3 

108.6 

112.5 

106.4 

117.3 

101.3 

105.7 

100.2 

104.1 

106.4 

109.2 

108.8 

106.3 

106.2 

107.3 

104.8 

106.2 

106.4 

107.0 

119.0 

123.2 

119.0 

122.2 

123.3 

129.2 

133.4 

135.2 

134.9 

139.1 

169.8 

186.5 

179.6 

188.7 

Hanufl 
number 
(80  min- 
utes). 


8.60 
6.40 
35.3 
35.4 
43.3 
52.3 
52.2 
52.0 
64.8 


60.8 
73.9 
78.9 
74.0 
97.4 
94.1 
107.7 
115.5 
116.8 
108.8 
110.2 
114.8 
105.2 
102.8 


107.7 
106.2 
107.8 
106.7 
106.5 
120.2 
119.6 
126.0 
132.9 
138.4 
184.5 
183.7 


Differ- 
ence be- 
tween 
Wiis  and 

Habl 
numbers. 


+  0.12 
+  .84 
+  .90 
+  1.10 
+  .90 
-  .10 
+  .90 
+     .40 


+  1.20 
+     .70 

-  2.80 

-  .60 
+  3.00 
+  .70 
+  1.80 
-I-  8.10 
-I-  6.20 
+  6.90 
+  9.00 
+10.90 
+  4.40 
+  3.90 


+  2.80 
+  1.60 
+  1.10 
-f-  1.40 
+  .60 
+  4.20 
-I-  3.00 
-h  5.80 
+  1.80 
+  4.20 
■1-16.70 
-f  9.20 


Differ- 
ence be- 
tween 
Hanus 
and 
Hvibl 
numbers. 


-  0.88 
+  .81 
+  .00 
+  .60 
+    .70 

-  1.80 

-  .60 

-  .50 

-  1.60 


+  .60 
+    .20 

-  2.80 

-  2.10 
+  1.10 

-  .10 
+  .00 
+  6.10 
+  8.80 
+  6.40 
+  6.70 
+  8.40 
+  3.80 
+  2.60 


.80 
1.40 
L60 
1.90 
.10 
1.20 
.40 
+  2.70 
-  .50 
+  3.50 
+14.70 
+  4.20 


+ 
+ 
+ 
+ 
+ 
+ 


a  Commercial  oils. 

b  Adulterated  with  cotton-seed  oil. 

e  Four  hours  for  Htibl  determination. 

As  will  be  seen  from  Table  XIV,  the  length  of  time  involved  in  the 
determination  is  greatly  lessened  by  the  use  of  the  Wijs  and  the  Hanus 
solutions.  In  case  of  olive  oils  the  reaction  is  complete  in  fifteen 
minutes;  cotton  seed,  sesame,  mustard,  and  other  nondrying  and  semi- 
drying  oils  require  thirt}'^  minutes;  while  rape  and  linseed  oils  require 
one  hour  for  complete  absorption. 
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Table  XlV.—Time  necessary  for  absorption  ofiodin. 

Labo- 
ratory 
No. 

Kind  of  oil  or  fat. 

lodin   numbers  by  Hanus 
method. 

lodln     numbers 
method. 

by    Wijs 

15  min- 
utes. 

30  min- 
utes. 

Ihour. 

15  min- 
utes. 

30  min- 
utes. 

Ihour. 

778 

Ooooanut 

8.7 
6.4 
86.2 
85.4 
43.2 
52.4 
51.9 
64.6 
52.2 
80.4 
70.0 
90.1 
82.1 
h6.6 
96.0 
125.0 

8.6 
6.4 
86.4 
85.5 
43.4 
61.  H 
52.1 
65.1 
52.4 
80.5 
69.7 
90.4 
81.7 
86.5 
97.4 
126.0 
119.4 
106.0 
107.4 
116.8 
187.4 
186.3 

22077 

Konut 

1170 

Butter 

1168 

do 

86.8 

85.9 

86.0 

Oleo 

* 

Oleomargarf  ne 

do 

62.9 

58.0 

do 

do 

do 

I 

23606 

Laid 

, 

798 

Olive 

90.3 
82.2 
86.5 
97.7 
126.0 
120.0 
105.0 
107.5 
117.6 
188.4 
186.2 

90.0 
82.6 
86.5 
98.8 
126.6 

91.2 
82.6 
86.7 
99.0 
126.6 
118.0 
104.3 
106.8 
116.1 
188.9 
190.2 

90.9 

960 

do 

82.6 

833 

do 

87.2 

772 

Peanut 

99.0 

777 

Mustard 

128.0 

771 

do 

118.2 

776 

do 

104.6 

776 

Rape 

106.7 

770 

Maize 

117.1 
138.8 
183.8 

118.5 

774 

Poppy  

136.8 

189.1 

1162 

Linseed ; 

188.7 

These  results  show  but  little  choice  between  the  two  new  solutions, 
the  Hanus  solution  giving  results  slightly  closer  to  the  figures  obtained 
by  the  Hubl  method. 

The  Wijs  solution  is  prepared  by  dissolving  13  grams  of  pure  lodin 
in  a  liter  of  glacial  acetic  acid  which  does  not  reduce  a  solution  of 
bichromate  of  potash  in  sulphuric  acid;  a  current  of  pure  chlorin  gas 
is  run  into  the  solution  until  the  halogen  content  is  doubled.  A  slight 
excess  of  iodin  is  recommended.  The  change  of  color  in  the  solution 
as  the  end  point  is  approached  is  quite  marked. 

The  Hanus  solution  used  is  made  by  dissolving  13  grams  of  iodin  in  a 
liter  of  glacial  acetic  acid  and  then  adding  sufficient  bromin  to  double 
the  halogen  content;  about  3  cc  are  sufficient. 

The  method  of  using  these  solutions  is  the  same  as  with  the  Hubl 
solution  except  that  an  excess  of  unabsorbed  iodin  of  at  least  70  per 
cent  of  the  total  titer  is  necessary;  and  only  10  cc  of  the  20  per  cent 
potassium  iodid  solution  are  used,  the  solution  being  thoroughly  mixed 
before  the  water  is  added.  In  the  above  work  the  absorption  was 
allowed  to  continue  thirty  minutes,  as  some  of  the  adulterants  of  olive 
oil  require  a  slightly  longer  time  than  the  oil  itself  to  complete  the 
absorption. 

Great  care  must  be  taken  that  no  change  of  temperature  occurs 
while  measuring  the  solutions.  The  high  coefficient  of  expansion  of 
acetic  acid  (0.00115  for  1°  C.)  will  cause  an  appreciable  error  if  even 
a  slight  change  of  temperature  takes  place.  If  40  cc  of  these  solutions 
are  measured,  a  change  in  temperature  of  d=  1°  C.  will  give  a  change 
of  =F  0.11  cc  in  the  amount  of  N/10  thiosulphate  used  to  neutralize 
them.  Table  XV  shows  how  great  the  variation  in  titer  mav  be  in  a 
change  of  temperature  of  11^  C. 
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40  cc  iodin- 

Tempera- 

mono- 
bromid  in 

N/10  thio-siil- 
cc. 

te. 

16 

92.05 

17.6 

91.85 

18.6 

91.80 

21.6 

91.36 

24.5 

91.10 

27 

90.80 

+11 

—1.26 





The  results  of  this  investigation  show  that  either  of  the  two  new 
methods  gives  satisfactory^  results  and  that  both  solutions  are  decided 
improvements  over  the  Hiibl  solution,  not  only  in  possessing  much 
better  keeping  qualities,  but  also  in  rapidity  of  action.  The  Hanus 
solution  gives  results  somewhat  closer  to  those  obtained  by  the  Hiibl 
method,  and  is  much  more  easily  prepared  than  the  Wijs  solution. 

Saponification  ok  Koettstorfer  Number. 

The  saponification  number,  or  number  of  milligrams  of  potassium 
hydroxid  needed  to  saponify  1  gram  of  fat,  was  determined  as 
directed  by  the  Association  of  OflScial  Agricultural  Chemists.^  The 
determination  has  little  value  in  detecting  adultemtion  of  olive  oil 
with  any  of  the  animal  or  vegetable  oils  except  rape  or  mustard.  Its 
chief  value  is  in  the  detection  of  mineral  oils. 

Table  XVI,  giving  the  limits  on  various  oils,  shows  the  uniformity 
of  the  Koettstorfer  number  of  the  ordinary  salad  oils,  except  rape  and 
mustard  oil.  The  variation  on  the  oils  other  than  rape  and  mustard 
is  from  185.0  to  197.7,  while  the  variation  on  olive  oils  is  from  185.0 
to  194.6. 


Table  XVI. — Saponification  or  KodtMorfer  number  ofrarioujs  oils. 

Kind  of  oil. 

Results  ob- 
tained in  Bu- 
reau of 
Chemistry. 

Compiled  re-  ' 
suits.          1 

Kind  of  oil. 

Results  ob- 
tained in  Bu- 
reau of 
Chemistry. 

Compiled  re- 
sults. 

Califoinia  olive  . .  1   189. 3  to  194.  fi 

187.0  to  193. 5  ' 
186.0  to  192. 3  1 
189. 5  to  196. 0  1 

Peanut 

188. 8  to  196.0 

196.0  to  198. 5 

190.7 

189. 3  to  196.0 

Italian  olive 

Lard 

189. 7  to  192.0 
196. 3  to  197. 7 
174.1  to  176. 6 
173.0  to  182. 8 
192.5 

Ck>tton  seed 

Sesame 

191.0  to  196. 6 
188. 4  to  194. 6 

Rape 

167. 7  to  183. 0  ,    Maize !    189.9tol9S.4 

170. 2  to  174. 7   1  Sunflower 191. 2  to  192. 3 

183.  0  to  191.  7  ,    Ponnv  HOf»d           .J    190.  2  tr>  19S.  8 

188. 0  to  193  4 

Mustard 

188. 0  to  197. 6 

Almond 

192. 8  to  194  0 

1 

Melting  Point  of  Fatty  Acids. 

The  method  used  for  this  determination  was  that  described  in  the 
Provisional  Methods  for  Food  Analysis.*    A  variation  was  found  on 

«U.  S.  Dept.  Agr.,  Division  of  Chemistry  Bui.  46,  \).  48. 
^U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  r)5,  p.  31. 
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California  oils  of  known  parity  of  from  19.2^  to  31^  with  an  aver- 
age of  22.5^.  Blasdale'*  found  the  variation  on  eleven  samples  of 
California  oils  to  be  from  21°  to  26°,  and  Colby*  gives  a  range  of 
from  21°  to  28°.  On  Italian  oils  the  writers  found  a  variation  of 
from  21^  to  29.3°.  Other  published  results  give  a  variation  of 
23.7°  to  29°.  Milliau^  reports  on  French  oils  24°  to  26°,  but  on 
Algerian^  oils  gives  a  i-ange  of  from  24.8°  to  38°.  This  shows  that 
Algerian  oils  are  quite  different  from  the  European  and  Californian 
products. 

Table  XVII,  prepared  from  Table  XXXV,  shows  the  relation  be- 
tween the  Hiibl  number,  percentage  of  solid  fatty  acids,  and  melting 
point  of  fatt}^  acids  in  California  olive  oils.  The  writers  found  that 
in  a  general  way  the  same  relation  held  good  for  Italian  oils.  Milliau^ 
did  not  find  this  relation  to  hold  on  oils  from  Tunis.  He  found  oils 
with  a  Hubl  number  of  88  and  a  melting  point  of  fatty  acids  of 
37°  C,  and  concluded  from  this  that  there  were  fatty  acids  present 
more  unsaturated  than  oleic  acid. 


Table  XVIL 


-Relation  between  Hubl  number^  solid  fatty  acida^  and  melting  point  of 
fatty  adds  {California  oils). 


Serial 

Hubl 

Solid 
fatty 
acidfl. 

MeltiDK 
point  or 

Serial 

Hiibl 

Solid 
fatty 
acids. 

Meltinr 
point  of 

No. 

number. 

fatty 
acidH. 

No. 

1 

L. 

number. 

fatty 
acids. 

Percent. 

°C. 

Percent. 

23462 

79.9 

10. 91 

31.0 

23463 

85.6 

4.92 

21.3 

23461 

83.0 

7.62 

28.0 

23460 

85.7 

6.27 

28.4 

23469 
23466 

82.9 

6.70 

25.0 

23457 

86.2 

3.39 

21.1 

84.3 

7.23 

23.4 

23458 
23605 

88.2 

4.42 

28.5 

2S692 

85.6 

5.12 

22.6 

88.5 

2.48 

20.2 

The  melting  points  of  the  fatt}'^  acids  of  peanut  oil,  cotton-seed  oil, 
and  lard  oil  are  so  much  higher  than  those  of  the  mixed  acids  of  olive 
oil  that  any  considei-able  addition  of  any  one  of  these  oils  to  olive  oil 
would  produce  an  abnormal  melting  point.  This  is  especially  true  of 
lard  oil  and  cotton-seed  oil.  Sesame  oil  varies  but  little  from  olive  oil 
in  respect  to  the  melting  point  of  its  fatty  acids,  but  oils  of  rape  seed, 
mustard  seed,  sunflower,  poppy  seed,  and  maize  are  appreciably  lower. 
Since,  however,  none  of  these  would  probably  be  mixed  with  any 
but  olive  oil  or  some  one  of  the  oils  having  a  higher  melting  point 
than  olive  oil,  this  difference  would  be  of  little  value  in  the  detection 
of  their  substitution  for  olive  oil.  The  determination  of  the  melting 
point  in  itself  has  little  value  in  the  detection  of  adulteration,  but  is  of 
decided  value  when  taken  in  connection  with  other  factors  in  judging 
whether  or  not  the  oil  is  normal.     The  melting  points  of  the  fatty 


«Jour.  Amer.  Cliem.  Soc,  1895,  17;  935. 

ft  California  Agr.  Expt.  Sta.  Kept.,  1897-98,  p.  169. 

cBul.  (ill  Ministere  de  1' Agriculture,  1895,  p.  189. 

t'Milliau,  Bertainchand,  andMalet,  Rapi)ort  Hiir  lew  huile-sd'olivede  Tunisie,  1900. 
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acids  of  various  oils  as  determined  in  this  laboratory  and  as  found  in 
the  literature  on  the  subject  are  given  in  Table  XVIII. 

Table  XVIII. — Melting  point  of  fatty  acids  of  various  oUs. 


Kind  of  oil. 

Results  ob- 
tained in  Bu- 
reau of 
Chemistry. 

Compiled  re- 
sults. 

Kind  of  oil. 

Results  ob- 
tained in  Bu- 
reau of 
Chemistry. 

Compiled  re- 
sults. 

California  olive  . . 
Italian  olive 

19. 2  to  31.0 
21.6  to  29.3 

21.0  to  28.0 
2S.7to29.0 
24.0  to 26.0 
24.8  to  88.0 
12.0  to  14.0 
15.0  to  21. 5 
15. 5  to  22.0 

Sunflower 

Maize 

21.0 
21. 6  to  23.0 

25. 4  to  26. 8 

27.4 
33. 2  to  37. 6 
33.2  to  38.4 

35. 5  to  39. 6 

17.0  to  24.0 
16. 0  to  22. 4 

French  olive  . 

PODDV 

20  0  to  21  0 

Alircrian  olive. . . . 

Sesame 

21. 0  to  40. 0 

Almond 

28.2 
20. 8  to  21  5 
20.0  to  21.9 

Peanut 

26. 0  to  36. 4 

Mustard 

Lard 

33  0  to  38. 4 

Rape 

Cottonseed 

32.0  to  43.0 

Solid  Fatty  Acids. 

By  solid  fatty  acids  are  meant  those  whose  lead  salts  are  insoluble 
in  ether.  The  method  of  determination  used  was  that  described  in  the 
Provisional  Methods  for  Food  Analysis.*  From  these  results,  calcula- 
ting the  average  total  fatty  acids  present  as  95.5  per  cent,*  the  percent- 
age of  liquid  fatty  acids  can  be  obtained.  As  the  latter  are  the  unsatu- 
rated fatty  acids  and  alone  absorb  the  iodin,  the  percentage  of  these 
acids  and  their  iodin  value  gives  a  fair  idea  of  the  nature  of  the  oil 
under  consideration.  Some  of  the  oils  of  Tunis  must  contain  fatty 
acids  more  unsaturated  than  oleic  to  give  the  high  iodin  number,  and 
also  the  high  per  cent  of  solid  fatty  acids  found  by  Milliau,  Bertain- 
chand,  and  Malet.* 

The  iodin  number  of  the  oil  multiplied  by  100  and  divided  bj^  the 
per  cent  of  liquid  fatty  acids  will  give  their  iodin  number,  providing 
the  solid  fatty  acids  are  saturated.  The  calculated  results  agree  fairly 
well  with  those  obtained  by  experiment.  These  results  show  that  in 
olive  oils  the  unsatui*ated  fatty  acids  are  variable  in  their  composition 
and  can  not  be  considered  as  pure  oleic  acid. 

From  Table  XXXIII  it  is  seen  that  in  lard  oil  the  unsaturated  fatty 
acids  have  practically  the  same  iodin  number  as  the  unsaturated  acids 
of  olive  oil.  Rape-seed  oil  does  not  differ  much  in  this  respect  from 
olive  oil.  Mixtures  of  lard  and  cotton-seed  oils  which  would  give  a 
normal  iodin  number  for  olive  oil  would  have  a  much  higher  iodin  num- 
ber for  the  liquid  acids.  The  relations  between  the  solid  fatty  acids, 
the  iodin  number  of  the  oil,  and  the  liquid  fatty  acids,  are  of  great 
value  in  identifying  an  oil  of  unknown  origin.  These  factors  for  vari- 
ous oils  are  given  in  Table  XIX.  It  can  be  seen  from  this  table  that 
the  mixing  of  these  oils  with  olive  oil  will  change  the  figures  on  the 
mixture  in  a  number  of  ways.  An  addition  of  maize  oil  would 
increase  the  iodin  number  of  both  the  oil  and  the  liquid  fatty  acids,  but 

«U.  S.  Dept.  Agrr.,  Bureau  of  Chemistry  Bnl.  65,  p.  28. 
«  Rapport  8ur  le«  huilea  d'olive  de  Tunisie,  1900. 
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would  not  affect  the  solid  fatty  acids.     Cotton-seed  oil  would  in<i     s 
all  of  these  figures. 

Table  XIX. — Thelodin  numbers  and  ilie.  per  cent  of  solid  fatty  acids  of  various  oils. 


Kind  of  oil. 


Htlbl 
number. 


ppppy  

Maiae 

Do 

Do 

Mustard  ... 

Do 

Do 

Cotton-aeed 

Do 


134.9 
123.3 
119.7 
119.2 
113.0 

no.  4 

98.4 
108.3 
105.8 


lodin 

number 

Solid 

of  liquid 

fatty 

fatty 

acids. 

acidfl. 

Percent. 

161.7 

6.67 

139.8 

7.44 

134.8 

6.70 

184.5 

6.98 

121.1 

2.32 

116.8 

1.06 

103.0 

Trace. 

141.5 

19.04 

136.3 

17.87 

Kind  of  oil. 


Sunflower 

Do.... 
Rape 

Do.... 
Sesame . . . 
Lard 

Do.... 

Do.... 

Do.... 


Httbl 
number. 


lodin  I 
number  I 
of  liquid 

fatty 
!    acids. 


Solid 
fatty 
adds. 


_L 


108.3 
104.1 
92.5 
101.2 
97.9 
75.9 
69.7 
72.5 
77.2 


117.8 
113.8 

96.9 
107.5 
115.4 

98.9 
101.3 

97.9 
101.8 


Per  rent. 

8.67 

4.12 

.12 

1.43 

10.70 

18.90 

26.68 

21.43 

19.30 


The  addition  of  mustard  oil  would  increase  the  iodin  numbers,  but 
decrease  the  solid  fatty  acids.  Lard  oil  would  decrease  the  Hiibl 
number  and  increase  the  solid  fatty  acids,  but  would  not  affect  the 
iodin  number  of  the  liquid  fatty  acids.  In  many  cases,  however, 
especially  if  but  small  amounts  were  added  to  olive  oil,  the  changes  in 
the  factors  would  be  so  slight  as  to  give  no  indication  of  any 
adulteration. 

Frek  Fatty  Acids. 

The  free  fatty  acids  were  determined  by  the  method  described  in 
the  Provisional  Methods  for  Food  Analysis^*  and  the  results  calculated 
as  oleic  acid.  One  cubic  centimeter  of  deci-normal  alkali  is  equal  to 
0.0282  ^YBjn  of  oleic  acid.  This  determination  is  of  considerable 
value,  in  that  it  gives  some  idea  of  the  condition  of  the  oil.  As  a  rule 
this  figure  increases  with  age  and  may  be  to  some  extent  an  index  of 
the  rancidity  of  the  oil.  The  amount  of  free  acid  greatly  affects  the 
physical  constants  of  oils  as  has  already  been  shown.  All  oils  have 
some  free  acid  present,  even  when  freshly  pressed.  Its  amount  prob- 
ably depends  •  on  the  condition  of  the  fruit  or  seed  and  the  processes 
of  manufac'ture.  Milliau,  Bertainchand,  and  Malet*  found  as  high  as 
3.9  per  cent  of  free  acid  in  freshly  pressed  olive  oil,  probably  due  to 
the  overripe  or  decayed  condition  of  the  olives. 

With  a  number  of  cold-pressed  seed  oils  manufactured  in  this 
laboratory  the  determination  of  free  fatty  acids  was  made  within  three 
days  after  the  oils  were  pressed,  with  the  following  results:  Sunflower 
oils,  0.18  and  1.72  percent;  peanut  oil,  0.04  percent;  mustard-seed 
oil,  1.13  per  cent;  and  rape-seed  oil,  0.63  per  cent  These  figures 
show  the  presence  of  considerable  amounts  of  free  acids  in  the  seeds. 
In  Table  XX  are  given  the  data  showing  the  quantity  of  free  acid  in 

all.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  65,  p.  27. 
^Rapport  sur  les  huilea  d'olive  de  Tunisie,  1900. 
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a  number  of  samples  of  olive  oil  of  known  history.  Nos.  2d6l7, 
22714,  and  23l5i6  all  show  an  acidity  that  might  be  considered  normal 
for  fresh  oils,  although  eight  and  ten  years  old.  On  the  other  hand 
Nos.  22618  and  22619,  which  were  three  years  and  one  year  old,  respee- 
tively,  show  an  excessive  amount  of  free  acid.  It  therefore  follows 
that  the  time  factor  has  but  little  influence  upon  the  acidity,  while 
No.  22619  indicates  that  high  temperature  favors  the  formation  of  the 
free  acids. 

Table  XX. — Free  adds  in  olive  oils. 


Serial  No. 

Free  fatty 

acids  as 

oleic. 

22617 

Percent. 
0.36 
8.21 
44.40 
1.26 
2.73 
1.40 
4.33 

22618 

22619 

22714 

22715 

22126 

22127 

History  of  .sample. 


Made  In  1898  from  Redding  Picholine  oliye}«. 

Made  in  1898  from  mixed  varieties  of  olives. 

Made  in  1900  from  Manzanillo  olives  by  strongly  heating  the  fruit. 

Second  pressing,  10  years  old. 

Poor  quality  ofoll,  not  an  edible  oil. 

Isouth  American  oils  exhibited  at  Chicago  in  1893. 


Eleven  samples  of  pure  California  olive  oils,  all  of  which  were  con- 
sidered fresh  oils,  gave  an  average  content  of  free  acid  of  1.16  per 
cent,  and  the  extremes  were  0.59  per  cent  and  2.24  per  cent.  Twelve 
samples  of  commercial  California  olive  oils  in  which  no  added  oil  was 
detected  contained  an  average  of  2.40  per  cent  free  acids,  and  this 
figure  is  more  nearly  in  accord  with  the  averages  of  the  French  and 
Italian  commercial  oils  than  is  the  average  given  for  the  California  oils 
of  known  purity.  This  is  undoubtedly  due  to  the  fact  that  previous  to 
leaving  the  storeroom  of  the  manufacturer  the  oil  is  kept  under  more 
favorable  conditions  of  light  and  temperature  than  it  receives  after 
entering  the  retail  stores. 

By  reference  to  Table  XXXIIl  it  is  seen  that  lard  oil,  peanut  oil, 
and  the  various  seed  oils  show  an  appreciable  content  of  free  acids, 
differing  in  this  respect  but  little  from  olive  oils.  Cotton-seed  oil  alone 
is  an  exception.  This  oil  is  refined  by  use  of  alkali,  and  so  shows  but 
small  amounts  of  acidity  and  j^elds  but  little  upon  long  standing. 

The  rancidity  of  oils  and  fats  has  been  the  subject  of  extensive 
study  by  various  investigators,  and  opinions  regarding  its  causes  are 
extremely  varied.  Lewkowitsch^  states  that  pure,  nondrying  oils 
when  protected  from  air  and  light  remain  unchanged  at  ordinary  tem- 
peratures; on  exposure  to  light  and  air  they  undergo  change,  consist- 
ing of  the  development  of  butyric,  isobutylacetic,  and  other  volatile 
acids  in  small  quantities,  an  increase  in  free  acids,  and  the  acquire- 
ment of  a  disagreeable  smell  and  acrid  taste.  These  changes  the 
author  considers  due  to  direct  oxidation  by  the  oxygen  of  the  air,  this 
action  being  intensified  by  sunlight. 

«Chem.  anal,  oils,  fats,  and  waxes,  2d  ed,,  p.  10. 
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Ballantyne  ^  has  shown  that  in  many  instances  rancidity  exists  long 
before  the  formation  of  free  acids,  and  that  on  the  other  hand  free  acids 
may  be  liberated  long  before  the  oil  becomes  rancid.  A.  Schmidt* 
states  that  an  oil  may  have  a  high  acidity  without  being  rancid,  and 
that  the  oil  becomes  rancid  upon  partial  or  complete  oxidation  of  the 
free  glycerin  to  aldehydes  and  ketones.  Scal^  ^  found  that  olive  oil 
and  lard  contained  no  water  soluble  volatile  acids  in  a  fresh  condition, 
but  these  acids  developed  with  age  and  consequent  rancidity  of  the  oil 
and  fat.  Browne''  has  made  a  stud}*^  of  the  changes  incident  to  the 
development  of  i-ancidity  in  butter  fat  and  records  some  interesting 
results.  Table  XXI,  taken  from  his  work,  shows  the  effect  of  the 
development  of  rancidity  upon  the  various  values  of  the  oil.  As  the 
rancidity  develops  there  is  a  decided  increase  in  the  acid,  saponification, 
ether,  and  Reichert  values,  a  marked  decrease  in  the  iodin  value  and 
the  percentage  of  insoluble  acids,  and  a  slight  decrease  in  the  per- 
centage of  glycerin. 

Table  XXI. — Effect  ofdevelopnietU  ofrancidiiy  ujjon  butter  fat  {Browne). 


No.  of  I 
sample.' 


C>>udltlon. 


Acid 
value. 


Saponlfl- 

cation 

number. 


Ether 
num- 
ber. 


numDtr.  I    ^^     |culatccl).|    *"•""•    | 


0 
0 

Fresh 

0.4K 
1.28 
10.90 
28.8-1 
30.00 
35.38 

.45 
1.22 

.50 
7.09 

.55 
11.73 

.51 
11.80 

228.1 
230.3 
241.0 
260.0 
262. 1 
269.3 

229.9 
282.3 

223.9 

233.7 

232.6 

247.7 

225.6 

245. 8 

227.6 
229.0 
230.1 
231.2 
2S2.1 
233.9 

229.5 
231.1 

223.4 

226.6 

•232.1 

236.0 

225.1 

230.5 

15.63 
15.80 
17.00 
18.75 
19.80 
21.13 

*4.95 
34.55 
28.40 
14.35 
11.15 
8.55 

33.93 
29.96 

JM.49 

28.69 

29.66 

19.76 

34.92 

Per  cent. 
38.79 
38.35 
31.52 
15.93 
12.38 
9.49 

37.66 
33.26 

38.28 

31.85 

32.81 

21.93 

38.76 

•25.03 

PerceiU. 

Per  cent. 

1  week  old 

0  <  1  month  old 

0  '  2month.soId 

0  1  4  months  did 

0     8  months  old 

la  1  Fri»«h 

87.20 
86.80 

88.96 

85.06 

86.41 

80.42 

88.46 

81. 15 

12  54 

lb 
2h 

Rancid 

Fresh 

Rancid,  1  month 
old 

1*2.40 
12.21 

2b 

r2. 02 

3a 
3b 

4a 
4b 

FreMh 

12.69 

Rancid.  2  monthM 
old 

12.35 

Fresh 

1*2.33 

Rancid,  8  months 
old 

11.67 

Rancidity  may  affect  the  physical  and  chemical  values  of  oils  and 
fats  in  several  wa^'s.  If  large  amounts  of  free  acid  are  formed  and 
little  oxidation  tiikes  place  the  specific  gravit}'  and  index  of  refi*action 
ma}'  be  lowered  and  the  iodin  number  very  little  affected.  If  oxida- 
tion luis  tiiken  place  there  will  })e  an  increase  in  the  specific  gravity, 
index  of  refraction,  and  saponification  number,  and  a  dec^rease  in  the 
iodin  number. 

From  the  foregoing  it  is  apparent  that  oils  are  extremely  susceptible 
to  change  under  the  influence  of  light,  air,  and  heat,  and  that  dete- 
rioration is  in  a  large  measure  prevented  by  the  exclusion  of  air  and 

"Jour.  Soc.  Chem.  Iml.,  1891,  10:  29. 

''Zttfchr.  Anal.  Chem.,  1898,  87:  301. 

t-ZtHthr.  Xahr.-Unt.  Hyp.  u.  Waarenk.,  1896,  10:  239. 

t^  Jour.  Amer.  Chem.  Soc,  1899,  21:  975. 
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sunlight  and  by  proper  temperature  conditions.  These  facts  are 
of  material  importance,  as  the  pleasant  flavor  and  agreeable  odor  of 
pure,  fresh  olive  oil  may  be  easily  destroyed  upon  the  development 
of  rancidity,  while  if  kept  under  proper  conditions  the  oils  will  remain 
practically  unchanged  for  a  long  time.  From  the  chemist's  stand- 
point luncidity  may  so  affect  the  values  of  an  oil  as  to  make  it  abnor- 
mal in  many  respects,  and  in  the  interpretation  of  analytical  data  this 
fact  must  be  given  due  consideration. 

OLIVE  OIL  SUBSTITUTES. 

Cotton-Seed  Oil. 

Cotton-seed  oil  is  the  chief  adulterant  of  and  substitute  for  olive  oil 
in  this  country.  It  is  used  to  a  large  extent  under  the  name  of  salad 
oil,  but  is  also  frequently  sold  as  olive  oil,  with  which  it  is  extensively 
mixed.  The  well-refined  oil  has  a  pleasant  though  chai-acteristic  taste 
and  odor,  and  is  much  less  inclined  to  become  i^ancid  than  are  olive 
oil  and  other  oils  used  for  salad  purposes.  The  cotton-seed  oil  sold 
for  salads  is  refined  in  part  by  the  use  of  alkali,  and  this  treatment 
removes  all  free,  fatty  acids.  The  samples  of  cotton-seed  oil  found 
upon  the  market  all  showed  very  low  percentages  of  free,  fatty  acids 
due  to  the  above  treatment  and  to  the  tendency  of  this  oil  to  remain 
stable.  One  sample  of  unpurified,  cold  pressed  cotton-seed  oil  exam- 
ined had  2.17  per  cent  of  free  acids,  but  practically  all  of  this  amount 
existed  in  the  seed  at  the  time  of  pressing,  as  free  acids  were  deter- 
mined within  a  few  da^^s  after  the  oil  was  pressed. 


Ta 

.BLE  XXll.—CoUon-seed  ail. 

k 

1 
Butyro-refrac- 
tometer  read- 
ing at  15.5°  C. 

Index  of  refrac- 
tion at  15.5°  C. 

Dct 

a 

V 

3 

60.0 
53.0 

66.2 
73,4 

74.0 
77.0 

75.5 

55.0 
71.0 

ermination.^. 

Analysts. 

M 

IS 

B 
1 

S 

106.5 
110.7 

103.8 
110.9 

102.0 
111.0 

fioe.o 

tl08.0 

1(M.5 
114.0 

0 
OS  ^ 

191.8 
194.7 

tl 

rs 

so 

°C. 
34.0 
39.0 

Solidifying 
point  of  fatty 
acids. 

Free  fatty  acids 
as  oleic. 

De  Negri  and  Pabris:  o 
Mmimum 

0.9230 
.9250 

.9226 
.9286 

.9160 
.9800 

}  .9260 

.9216 
.9962 

172.4 
191.1 

163.0 
170.0 

°(;.   I/Vrrt. 

1 

Tolman  and  Munson:  b 
Minimum 



72.3 
75.6 

1.4737 
1.4757 

0  04 

Maximum 

2  17 

Allen:  e 

Minimum , 

191.0 
196.6 

}l92.5 

191.0 
195.0 

a5.o 

40.0 

f35.0 
148.0 

32.0 
48.0 

32. 2 

Mftx*mii'»n 

87.6 

30.5 
35.2 

LewkowitBchrd 

Minimum 

1.4747 

Maximum 

Twenty-two    other    anal- 
ysts:* 
Minimum 

Maximufn 

olO  samples.    Annali  del  Laboratorio  chimico  centrale  delle  Gabclle,  vol.  2,  Gli  Olii,  pt.  2,  p.  92, 

b4  8amme6. 

(^Com.  Org.  Anal.,  8d  ed.,  vol.  2,  pt.  1,  p.  140. 

dOils,  Fats,  and  Waxes,  p.  374. 

0  Annali  del  lAl)oratorio  cbimloo  centrale  delle  Gabelle,  vol.  2,  Gli  Olii,  pt.  2,  p.  92. 
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Table  XXII  is  a  compilation  of  the  results  of  a  large  number  of 
analyses,  and  gives  the  limits  which  have  been  obtained  for  this  oil. 
Some  of  these  figures  are  so  extraordinary  that  the  oils  from  which 
they  were  obtained  can  hardl}^  be  considered  otherwise  than  abnormal. 
In  this  bulletin  the  term  '^  normal  oils"  is  used  to  indicate  those  which 
are  not  so  rancid  as  to  be  unfit  to  be  eaten  or  which  have  not  been 
oxidized  by  artificial  means.  On  rancid  or  oxidized  oils  results  can 
be  obtained  which  are  entirely  different  from  those  which  would  be 
found  on  fresh  oils,  and  in  this  report  salad  oils  only  are  considered. 
Cotton-seed  oils  with  a  specific  gravity  as  low  as  0.9160  and  as  high  as 
0.9360  are  most  likely  abnormal.  Such  figures  can  hardly  be  consid- 
ered of  any  value  unless  further  data  as  to  free  acids  and  condition 
of  the  oils  are  known.  In  this  connection  samples  Nos.  13235  and 
23656  of  peanut  oil  in  Table  XXXIII  serve  as  examples.  The  first 
oil  was  what  is  called  a  ''  blown  "  oil,  and  the  results  obtained  with  it 
are  entirely  abnormal.  It  has  a  specific  gravity  of  0.9364,  an  iodin 
number  of  77,  and  saponification  number  of  199.  The  second  has  a 
specific  gravity  of  0.9155,  but  has  13.51  per  cent  of  free  acid.  Such 
an  oil  could  not  be  used  under  any  circumstances  as  salad  oil,  and  cer- 
tainly should  not  be  considered  in  establishing  limits  for  peanut  oil. 

When  added  in  any  considerable  amounts  to  olive  oil,  cotton-seed 
oil  is  not  difficult  to  detect,  on  account  of  its  high  specific  gravity, 
iodin  number,  Maumen^  figure,  and  index  of  refraction.  Moreover, 
there  are  the  qualitative  tests  of  Bechi,  Halphen,  and  the  nitric  acid 
reaction  to  detect  it  in  small  amounts.  The  Halphen  test"  is  extremely 
delicate,  detecting  1  per  cent  or  less  of  the  unheated  oil.  This  test  is 
characteristic  of  cotton-seed  oil,  and  if  obtained  in  an  olive  oil  is  proof 
of  its  presence.  But  Holde  and  Pelgry*  have  shown  that  cotton-seed 
oil  if  heated  for  ten  minutes  to  250^  C.  loses  the  power  of  giving  both 
the  Halphen  and  Bechi  tests.  The  writers  found  that  it  took  twenty 
minutes  to  completely  destroy  the  power  to  give  the  Halphen  test,  but 
the  reaction  was  greatly  weakened  on  oils  heated  a  much  shorter  time. 
This  heated  oil  if  refined  would  lose  the  taste  and  odor  due  to  heating 
and  could  1k3  mixed  with  olive  oil  in  small  amounts  without  giving  the 
Halphen,  Bechi,  or  Milliau  test.  But  the  nitric  acid  reaction  is 
apparently  not  affected  in  an}'  way  b^^  this  heating. 

Tortelli  and  Ruggeri^  have  made  an  extensive  study  of  heated 
cotton-seed  oil  in  order  to  discover  means  of  detecting  it  in  olive  oil. 
They  found  that  it  was  necessary  to  heat  the  cotton-seed  oil  twenty 
minutes  at  250^  C.  in  order  to  completely  destroy  its  power  of  reacting 
with  Halphen   or  Bechi   reagents.     The  values  of   the  oil  are  not 

«U.  8.  Dept.  Aj^r.,  Bureau  of  Chemistry  Bui.  65,  p.  32. 

«'Ghem.  Rev.  Fett.  u.  Hartz.  Ind.,  1899,  6:  67;  Jour.  Soc.  Chem.  Ind.,  1899,  18: 
711. 

cAunali  del  Lab,  chim.  cent,  delle  Gal)elle,  1900,  p.  249. 


Digitized  by 


Google 


COTTON-SEED    OIL. 


83 


affected  to  any  great  extent  by  this  heating,  as  is  shown  in  Table 
XXIU,  taken  from  their  work. 

Table  XXIII. —  Values  of  heated  cotUm-8eed  oil  {TorteUi  and  Ruggeri). 


Temperature  and  time  of 
heating. 


Original  oil 

200°  C.  for  10  minutes. 

260°  C.  for  10  minutes. 
Original  oil 

200°  C.  for  10  minutes. 

260°  C.  for  10  minutes. 

250°  C.  for  20  minutes. 


Butyro- 

Specific 

refrac- 

gravity 

tometer 

at 

reading 

16.5°  C. 

at 

15.5°  C. 

Degrees. 

0.9240 

66.0 

Mau- 

men6 

number. 


Hilbl 
number. 


67.0 


.9240  I 
.9230 
.9244 
.9248 


56.0 
56.5 
56.5 
57.5 


67.0 
67.0 
66.0 
65.0 


108.6 
104.0 
108.8 
109.9 
108.3 
107.5 
106.9 


lodin 

number 

of  liquid 

fatty 

acids. 

Melting 

point  of 

fatty 

acids. 

Solidify- 
ing point 
offatty 
acids. 

147.0 

°C. 
35.8 

°C. 

140.2 

138.3 

1 

147.7 
142.7 
141.5 
140.7 


35.8  I 

36.9  I 
36.0  I 
36.2  ' 


32.2 
32.4 
32. 5 
82.5 


1 


The  iodin  number  of  the  liquid  fatty  acids  is  affected  by  heating  to 
a  greater  degree  than  any  other  value,  being  considerably  lowered. 
Tortelli  and  Ruggeri  propose  the  following  method  for  the  detection 
of  the  heated  oil  which  depends  on  th^  fact  that  while  such  an  oil  will 
not  give  the  Halphen  or  Bechi  test,  the  reacting  substance  is  not 
entirely  destroyed,  and  by  concentrating  this  a  reduction  of  silver  is 
obtainable. 

The  liquid  fatty  acids  are  separated  as  described  under  Muter's 
method."  The  liquid  fatty  acids  are  treated  in  a  test  tube  with  a  mix- 
ture of  1  cc  of  a  5  per  cent  aqueous  solution  of  silver  nitrate  and  10  cc 
of  90  per  cent  alcohol,  and  heated  to  from  TO'^  to  80^  for  several  hours 
if  necessary,  in  order  to  get  a  reduction  of  silver.  By  this  method 
small  quantities  of  heated  cotton-seed  oil  in  olive  oil  may  be  detected. 
Other  reactions  which  will  show  the  presence  of  heated  cotton-seed  oil 
are  the  nitric-acid  test,  using  acid  of  specific  gravity  1.375,  and  the 
Bi-ull^  *  test,  with  nitric  acid  and  ^.gg  albumen.  The  former  was  tried 
on  some  heated  cotton-seed  oil  which  would  not  react  with  the  Hal- 
phen reagent,  and  a  strong  reaction  was  obtained  with  a  mixture  of 
10  per  cent  of  heated  cotton-seed  oil  and  90  per  cent  of  olive  oil. 
Smaller  amounts  could  easily  be  detected.  The  test  is  not  as  sensitive 
as  the  Halphen  or  Bechi  test  on  untreated  oils,  but  it  is  of  great  value 
for  use  with  heated  oils.  It  may  also  be  of  value  in  determining  whether 
a  weak  test  with  the  Halphen  reagent  is  due  to  a  small  amount  of 
unheated  cotton-seed  oil  or  a  larger  amount  which  has  been  heated 
enough  to  weaken  the  Halphen  reaction.  Some  of  the  other  oils 
react,  however,  with  nitric  acid.  Sunflower  oil,  treated  by  this 
method,  gives  a  deep  brown  color  which  can  not  be  distinguished  from 
the  color  obtained  with  cotton-seed  oil.  Peanut  oil  gives  only  a  very 
slight  test.  Maize  oil  reacts  very  strongly,  giving  a  peculiar  reddish 
color  that  might  be  mistaken  at  first  for  the  cotton-seed  oil  test. 

aU.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  65,  p.  28. 
&R.  Brull6,  Comp.  rend.,  1893,  106:  1017. 
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The  Brull^<*  te.st  for  cotton-seed  oil  is  also  effectiv^e  on  oils  heated  to 
250^^  C.  It  is  conducted  as  follows:  Place  in  a  test  tube  0.1  gram  of 
dry  albumen  finely  powdered  and  2  cc  of  nitric  acid  (3  parts  nitric  acid, 
1.40  specific  gmvity  and  1  part  water)  and  10  cc  of  oil.  Heat  without 
stirring  until  the  acid  begins  to  boil,  then  cautiously  agitate  until  the 
albumen  is  dissolved.  Under  this  treatment  olive  oil  will  not  show 
any  change  of  color,  while  cotton-seed  oil  can  be  detected  by  the  red 
coloi'ation.  Other  oils,  such  as  peanut,  sunflower,  and  rape,  are  also 
colored  by  this  process.  Olive  oil  forms  an  elaidin  after  this  treat- 
ment, which  is  very  different  from  that  given  by  the  other  oils,  except 
lard  oil,  which,  because  of  its  content  of  oleic  acid,  acts  very  similarly. 

Pkanlt  Oil. 

Peanut  oil  is  probably  iLsed  as  an  adulterant  of  olive  oil  more  exten- 
sively in  P^urope  than  in  this  country  where  cotton-se(»d  oil  is  so  com- 
mon. The  oil  has  a  pleasant,  nutty  flavor,  and  makes  a  good  salad  oil, 
for  which  purpose  it  is  quite  extensively  used  in  P^urope  under  its 
own  name.  The  values  of  peanut  oil  are  so  little  different  from  olive 
oil  that  considerable  quantities  of  it  could  be  mixed  with  olive  oil 
without  l)eing  detected  by  these  figures.  Table  XXIV  gives  the 
results  compiled  from  published  data  on  peanut  oil. 

Tahlk  XX^W— Peanut  oil. 


AnalyHtH. 


MiintK,  Duraiid,  nnd  Mil- 
ISaii:" 

Minimum 

Maximum 

8.  P.  Sad  tier:  b 

Minimum 

Maximum 

De  NeRrl  and  Fabris:  o 

Minimum 

Maximum 

Tolman  and  Munson:  d 

Minimum 

Maximum 

Twenty-one  other  ana- 
lysts: « 

Minimum 

Maximum 


Maximum 

Minimum 9110 


DeterminatioriH. 

ii 

1 

11 

ti 

S 

0 

It 

1 

cc 

0.91751 
. 9210/ 

.9110 
.9200 

J)et/r(€9. 

46.0 

127.0 

97.0 

31.0 

28.0 

Perd. 

49.0 
56.7 



85. 6 
95.0 

190.6 
194.0 

29.0 
34,0 

25.0 
32.0 

0.54 
.79 

.9165 
.9200 

45.0 
51.0 

9\0 
100.0 

189.4 
193.0 

27.0 
31.0 

22.0 
25.0 

.9155 
.9188 

67.5 
71.3 

1.4707 
1.4731 

46.5 

129.1 
154.2 

87.8 
96.3 

188.8 
191.8 

33.2 
S6.4 



.24 
13.51 

.9160 

44.0 
67.0 

85.6 
105.0 

189.3 
196.0 

26.0 

:«.o 

23.0 
31.0 

.9220 

.9220 

67.0 
44.0 

154,2 
127.0 

ia5.o 

85.6 

1%.0 

188.8 

36.4 
26.0 

32.0 
23.0 

18.51 

.9110 

.24 

a  Bulletin  du  MlnisU^rc  dc  I'Agric-ultun',  1895,  p.  139. 


h4mmple«.    Amer.  Dnif^eint  and  Pharm.  Rec.  1897,  vol.  31.  no.  5, 

T  Lab      

iplen. 
'  Annali  del  Labonitorio  chimico  centrale  delle  Gabolle,  vol.  2,  (Jli  Olii,  pt.  2,  p.  12. 


("SmmpleH.    Aiinali  del 
('5Ramp1eJ4. 


aboratorio  eliimlco  centrale  delle  Gabelle.  vol.  2,  (Jli  Olii,  pt.  2,  p.  12. 


From  this  table  it  can  be  seen  that  oils  could  be  selected  for  admix- 
ture which  would  not  affect  the  values  of  olive  oils  to  any  degree  except 


a  Chem.  Ztg.  Rep.  1888,  12:  107. 
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in  case  of  very  gross  adulteration.  Sample  499,  Table  XXXEU,  a  cold 
pressed  oil  prepared  in  this  laboratory,  is  an  example  of  this.  It  has 
a  specific  gravity  of  0.9186,  a  Hubl  number  of  87.8  and  0.40  per  cent 
of  free  acid.  Such  an  oil  could  be  mixed  in  almost  any  proportion 
with  an  olive  oil  of  low  iodin  number  and  not  give  even  a  hint  from 
the  physical  and  chemical  values  of  its  presence.  Practically  the  only 
test  that  Ls  positive  is  the  isolation  of  ai'^^^hidic  acid,  which  is  present 
in  peanut  oil  to  the  extent  of  from  3  to  5  per  cent.  In  four  samples  of 
peanut  oil  examined  in  this  laboratory  from  3.41  to  4.24  per  cent  of 
the  acid  was  found,  having  a  melting  point  of  from  72  to  73"^.  Allen  « 
gives  an  average  of  5  per  cent.  In  Table  XXXIII  results  are  given 
on  two  samples  of  peanut  oil,  Nos.  13234  and  13285,  which  were  exam- 
ined to  determine  the  effect  of  age.  Both  had  been  kept  in  stoppered 
bottles  for  eight  years;  No.  13235  was  a  heated  oil.  Both  were  exceed- 
ingly rancid  to  taste  and  smell,  but  No.  13234  had  only  2.93  per  cent  of 
free  acid,  showing  that  acidity  is  not  an  index  of  rancidity.  No.  13235 
shows  that  great  changes  have  been  brought  alwut  in  the  oil  in  the 
process  of  heating. 

Renard's*  test  is  as  satisfactory  as  any  of  the  methods  for  detecting 
arachidic  acid.  Twenty  grams  of  the  oil  to  be  tCvsted  should  be  taken 
so  that  enough  of  the  arachidic  acid  can  be  separated  to  make  the  melt- 
ing point  which  should  be  determined  in  every  case,  as  some  oils,  such 
as  cotton-seed  and  lard,  will  give  a  precipitate  which  resembles  ara- 
chidic acid  except  that  it  has  a  lower  melting  point. 

Sesame  Oil. 

Like  peanut  oil,  sesame  oil  has  a  pleasant  flavor  and  is  well  adapted 
to  the  adulteration  of  olive  oil.  However,  it  is  not  extensively  used 
in  this  country,  as  the  analyses  of  commercial  samples  show.  Table 
XXV  gives  the  results  compiled  from  published  data  on  sesame  oil. 

oCom  Org.  Anal.,  8d  ed.,  vol.  2,  jit.  1,  j).  134. 

6  Comp.  Rend.  1871,  78: 1330.    U.  8.  Dept.  Agr.,  Bureau  of  CheiniHtry,  Bui.  65,  p.  33. 
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Table  XXV.—fkmme  oil. 


Analysts. 


De  Negrri  and  Fabrisra 

Minimum 

Maximum 

Tolman  and  Munson  b 

Miintz,  Durand,  and  Mil 

llauc 

Twenty-five  other  ana 
lystBid 

Minimum 

Maximum 


DeterminationB. 


0.9230 
.9237 
.9218 

.92S0 


.9200 
.9260 


Degrees. 


78.3 


I? 

••-nH 


C 


1.4742 


63.0 
64.0 
61.8 

54.0 


66.0 
68.5 


a 


S3 

n 


r 

5 


170.8 
150.0 


106.8  ;  188.4 
107.7  190.4 
97.9     190.7 


LOL 


104. 


102.0 
112.0 


190.0 
194.6 


-3 

6c. 

•«  o 

If 

2B| 

0)^5 

-as 

S*^ 

CO 

or. 

°c. 

23.0 

20.0 

26.0 

22.0 

27.4 

26.0 

22.0 

21.0 

21.0 

40.0 

34.0 

st 


Perct. 


0.44 


a 6  samplcM.    Annali  del  LaboraUjrio  chimico  centrale  delle  Gabelle,  vol.  2,  Gli  Olii,  pt.  2,  p.  82. 

b  1  sample. 

<■  Bulletin  du  Minist^re  de  1' Agrriculture,  1896.  p.  139. 

d  Annali  del  Laboratorio  chimico  ccntrale  delle  Qabelle,  vol.  2,  Gli  Olii,  pt.  2,  p.  82. 

The  specitic  gravity,  index  of  refraction,  Maumen^  number,  and 
iodin  number  of  this  oil  are  all  materially  higher  than  for  olive  oil, 
and  serve  as  an  indication  of  adulteration.  The  qualitative  test  of 
Baudouin  and  Villavecchia's  modification  of  the  same,  are  character- 
istic of  sesame  oil  and  permit  of  the  certain  detection  of  amounts  as 
small  as  2  per  cent.  It  must  always  be  remembered,  however,  that 
there  are  some  olive  oils  from  Italy  and  Tunis  which  give  a  reaction 
with  this  test  which  is  difficult  to  differentiate  unless  compaiutive  tests 
are  carried  on  with  sesame  oil,  when  they  can  be  readily  distinguished. 
Milliau  ^  states  that  when  the  fatty  acids  were  used  in  making  this  test 
o  1  Tunis  oils  the  red  coloration  found  with  the  oils  themselves  was  not 
obtained. 

Maize  Oil. 

Maize  oil  is  produced  in  large  amounts  in  the  United  States,  and, 
owing  to  its  cheapness,  may  find  use  as  a  substitute  for  olive  oil. 
This  product,  which  is  a  semidrying  oil  similar  to  cotton-seed  oil,  has 
thus  far  been  used  Imt  little  for  salad  purposes,  only  one  sample  being 
found  upon  the  market.  It  possesses  the  flavor  and  odor  characteristic 
of  maize,  and  these  qualities  aid  in  its  detection  when  not  mixed  with 
other  oils.  The  results  of  the  analysis  of  a  number  of  maize  oils  are 
given  in  Table  XXVI. 

«  Milliau,  Bertainchand,  and  Malet,  Rapport  aur  leH  huiles  d' olive  de  Tunisie,  1900, 
p.  33. 
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37 


Analycits. 


De  Ne«rri  and  Fabris:^ 

Minimum 

Maxlmam 

Tolman  and  Munnon:  b 

Minimum 

Maximum 

Archbutte 

Vult6  and  Gibeond 

Six  other  analysts: « 

Minimum 

Maximum 


Determinations. 


0.9215 
.9220 


.9243 
.9213 


.9215 
.9255 


ih  1% 


n 


22 

■§1 


Degrees. 


76.2 
77.5 


1.4760 
1.4768 


1.4766 


84.0 
86.0 

75.2 
89.2 
81.6 
74.0 

56.0 
89.0 


S13 


!|! 

X  as 


o 


|2  I  sis 


111.  I 
112.6 


190.2  116.7* 

212.5  I  123.3 

'  122.7 

176.0  I  118.6 


119.6 
123.9 


I 


190.0 
190.8 

189.9 
193.4 
189.7 
192.6 

188.0 
193.4 


17.0 
20.0 

21.6 
23.0 


13.0 
16.0 


22.4 


16.0 
20.0 


13.0 
14.0 


Is 


Peret. 


1.80 
3.60 
2.40 
1.12 

8.12 
8.50 


a 8  samples.    Annali  del  Laboratorio  chimico  centrale  delle  Gabelle,  vol.  2,  Gli  Olil,  pt.  2.  p.  122. 

b\  samples. 

oJour.  Soc.  Cbem.  Ind..  1899.  18:  346. 

dJour.  Amer.  Chem.  Soc.,  1900,  22:  458. 

e  Annali  del  Laboratorio  chimico  centrale  delle  Gabelle,  vol.  2.  Gli  Olli,  pt.  2,  p.  122. 

The  si)ecific  gravity,  rise  of  temperature  with  sulphuric  acid,  index 
of  refraction,  and  iodin  absorption  are  much  higher  for  maize  than  for 
olive  oil,  and  the  last  three  values  are  considerably  higher  than  for 
cotton-seed  oil.  The  high  Maumen^  number  and  iodin  absorption  of 
this  oil  would  materially  influence  the  values  of  olive  oil  even  when 
added  in  amounts  as  small  as  10  or  15  per  cent.  The  content  of  solid 
fatty  acids  of  maize  oil  is  i-ather  low,  hence  the  iodin  number  of  the 
liquid  fatty  acids  is  not  so  characteristic  as  with  cotton-seed  oil.  Maize 
oil  gives  a  peculiar  red  color  when  shaken  with  nitric  acid  (specific 
gravity,  1.37),  which  is  quite  different  from  the  color  obtained  with 
cotton-seed  oil,  and  would  serve  to  differentiate  them. 

MUSTAKD-SEED  OiL. 

This  oil  belongs  to  the  rape-seed  oil  group,  and  in  general  charac- 
teristics it  differs  but  slightly  from  rape-seed  oil,  as  is  apparent  from 
Table  XXVn. 
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Tablk  XXWIL— Mustard-seed  ml. 


AnalyHtM. 


De  Ne^rl  and  Fabriica 

Minimum 

Maximum 

Tolman  and  Mun«on:  b 

Minimum 

Maximum 

Blasdale:  c 

Minimum 

Maximum 

Croflselev  and  Lc  Sueur:  d 

M  i  nlmum 

Maximum 

Miintz,  Durand  and  MIl- 

liau:  e 

Seven  other  analystfi:/ 

Minimum 

Maximum 


I' 

Butj'ro-refrac- 
tometer  read- 
ing at  15.5°  C. 

42.0 
45.0 

61.4 
79.4 

1 

0. 9125 

Degrees. 

130.9 
190.3 

.9175 

1 

.9147 
.91«J 

.9151 
.9161 

74.5 
76.5 

1.4760 
1.4762 

1.4751 
1.4760 

1.4740 

.9142 

I 

39.0 
44.0 

108.0 

.9155 
.91M) 

/ 

.9142 

I 

.9183 

f 

Determinations. 


92.1 
106.5 


98.4 
113.0 


96.4 


96.8 
98.8 


96.0 


B  * 


a.      ,  % 


6©C 

1= 


l£ 


170.2  I  15.0 
174.6  I  18.0 

173.0     20.8 
182.8  ,21.5 


178.9 
174.7  ' 


171.2  , 
173.3 


15.0 
16.0 


16.0 


16.0 


o  C.     Perct. 


15.0 


0.13 
1.13 


1.36 
1.85 


a  6  fiamplefl.    Annali  del  Laboratorio  chimico  eentrale  delle  Oabelle,  vol.  2,  Gli  Olii,  pt.  2,  p.  37. 

b  5  samples. 

e2  samplefl.    Jour.  Amer.  Cliem.  Soc,  1895,  17:  935. 

''2Kamplefl.    Jour.  Soc.  Chem.  Ind..  1898,  17:  969. 

rl  sample.    Bulletin  du  Minlstt^re  de  1' Agriculture,  1895,  p.  139. 

/Annali  del  Laboratorio  chimico  eentrale  delle Gabelle,  vol.  2,  Oil  Olii,  pt.  2,  p.  37. 

It  is  probable  that  this  oil  is  seldom  if  ever  used  as  an  adulterant  of 
olive  oils,  although  it  is  frequently  added  to  rape  oil,  and  this  may 
find  its  way  into  olive  oil.  Means  of  detecting  it  in  small  quantities 
are  as  unsatisfactory  as  for  rape  oil,  and  the  analyst  will  scarcely  be 
able  to  distinguish  between  the  oils  of  this  group. 

The  presence  of  sulphur  compounds  in  the  oils  of  the  Cniciferfe 
gives  a  means  for  their  detection.  If  the  oils  are  saponified  with  alco- 
holic potash  and  stirred  with  a  silver  spatula,  the  silv^er  will  become 
blat^kened  by  the  formation  of  sulphid. 

Rape-seed  and  Colza  Oils. 

Rape-seed  and  colza  oils  may  be  considered  practically  identical  as 
regards  source  and  composition,  and  for  convenience  the  teims  are 
considered  here  as  being  synonymous.  This  oil  is  derived  from  vari- 
ous species  of  By^anslca  of  the  family  Cruelftra'-^  and  according  to 
Allen<*  is  used  as  an  adulterant  for  olive  oil.  According  to  the  Codex 
Alimentarius  Austriacus  rape  oil  or  colza  oil  is  the  oil  from  the  field 
cabbage  {Bramlca  campej<trix)^  but  all  the  following  oils  are  sold  under 
the  name  of  rape  oil:  Colza  oil  from  Braimlca  ramjyt'st?'!^;  rape  oil 
from  BraHHica  carapcHtrh^  variety  napnn;  rape  oil  from  BrdHnlca 
caiapeHtrlii^  variety  rapa;  Hederich  oil  from  Raphanihs  RaphaniHi/nnn 
or  field  radish,  and  i-adish  oil  from  Raphanua  mtHyna,     Although  the 

a  Com.  Org.  Anal.,  3<1  eel.,  vol.  2,  pt.  1,  p.  92. 
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values  of  this  oil  would  make  small  additions  of  it  difficult  of  detec- 
tion, it  is  not  so  well  adapted  as  a  substitute  for  olive  oil  as  the 
products  previously  mentioned  under  this  class,  owing  to  the  acrid 
taste  of  even  the  well-retined  oil.  Analyses  of  rape  and  colza  oils  are 
given  in  Table  XXVIII. 

Table  XXVIII. — Rape-seed  and  calm  oiU. 


Dfgreeg. 
\ 

Determinations. 

AjialystB. 

k 

0. 9142 
.9171 

.9143 
.9163 

.9145 
.9160 

.9150 
.9170 

.9112 
.9184 

Is 

¥ 

Is 

1 

B 

» 

f  94.1 
UW.8 

92.5 
101.2 

99.0 
103.0 

97.2 
102.1 

97.0 
10(i.2 

II 

If 

II 
ill 

ll 

Cromelev  and  Le  Sueur:  a 
Minimum 

1.4744 

1.4748 
1.4752 

167.7 
173.0 

174.1 
176.6 

°  (\ 

I*ercL 
0  36 

Maximum 

Tolman  and  Munson:  b 

Minimum 

Maximum 

MQntz,  Durand,  and  Mil- 
liau:  0 

Mlnlmnm .-,,... 

1.78 

.68 
8.57 

J 

74.1 

74.8 

M.5 
(57.8 

48.0 
56.0 

49.0 
61.0 

50.0 
59.0 

135.0 
152.5 

133.0 
155.0 

20.0 
21.9 

15.0 
16.0 

MlLTlmilTn  -  - 

1  i7.0 

175.0     16.0 

DeNewriandFabria.-rf 
Minimum 

1 

MaxfrniiTn  , , , , , 

177.0     19.0 

1 

170.0     15.5 
183.0  '  «i  0 

Twenty-one    other     ana- 
lysts:« 
Minimum 

Maximum 

a  7  samples.    Jour.  Soc.  Chcm.  Ind.,  1898,  17:  989. 
f>  4  samples. 


<'2  samples.    Bulletin  du  Minist^rc  dc  I'Agrieulture.  1896.  p.  189. 

^14  samples.    Annali  del  Ijaboratorio  chimieo  centrale  delle  i 

'  Annali  del  Laboratorio  ehimico  centrale  delle  GalK>lle,  vol.  2,  (ill  Olii,  pt.  2,  i>.  2i;. 


*t\4  samples.    Annali  del  Ijaboratorio  chimieo  centrale  delle  Qabelle,  vol.  2.  Gli  Olii.  pt.  2,  p.  26. 


The  specific  ^^ravities  of  these  oils  are  practically  identical  with  that  of 
the  olive;  the  index  of  refraction,  iodin  number,  and  rise  of  tempeiu- 
ture  with  sulphuric  acid  are  considerably  higher.  The  saponification 
number  is  much  lower  than  for  olive  oil  or  for  any  of  the  oils  used  to 
adultemte  it,  with  the  exception  of  the  other  members  of  the  rape-oil 
group.  The  average  saponification  value  given  for  rape  oil  is  about 
173,  while  the  average  value  for  olive  oil  is  about  193,  and  an  olive  oil 
having  a  saponification  value  much  below  190  should  l>e  looked  upon 
with  suspicion.  An  addition  of  less  than  20  per  cent  of  rape  oil  would 
probably  be  difficult  to  detect,  but  tbi.s  amount  should  be  sufficient  to 
materially  affect  the  values  of  a  normal  olive  oil.  Low  specific  gravity 
accompanied  by  a  high  index  of  refraction  is  one  of  the  marked  char- 
acteristics of  rape  oil,  wherein  it  differs  from  most  oils  which  with  a 
low  specific  gravity  have  a  low  refractive  index. 

Valenta^  has  suggested  the  differentiation  of  oils  ])y  their  solu])ility 
in  glacial  acetic  acid  of  1.05G2  specific  gravity,  and  states  that  rape  and 
mustard  oils  are  the  only  common  oils  not  completely  soluble  in  this 

oDiDgler,  18S4,  252:  296;  Jour.  (^heni.  Sw.,  1884,  40:  1078. 
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acid.  Allen  "  confirms  the  statement  of  Valenta,  but  suggests  that  the 
solubility  of  an  oil  is  greatly  increased  by  a  high  percentage  of  free 
acids.  The  strength  of  acetic  acid  used,  according  to  this  author,  may 
var}'  considerably  without  greatly  affecting  the  solubility.  Hurst,*  on 
the  other  hand,  finds  that  mpi>  and  colza  oils  are  completely  dissolved 
by  glacial  acetic  acid  and  gives  the  temperature  turbidit}^  of  from  73^ 
to  99^.  Thomson  and  Ballantyne'*  have  also  studied  this  question  and 
find  that  Valenta's  statement  holds  good  only  when  acetic  acid  of  spe- 
cific gmvity  1.0562  is  employed;  if  an  acid  of  specific  gi'avity  1.0542 
is  used  rape  oil  is  completely  soluble. 

In  working  in  this  laboratory  upon  Valenta's  test  with  aciJ  of  99.6 
per  cent  strength  it  was  found  that  i*ape  oil  and  mustard  oil  both  dis- 
solve completely  at  a  temperature  of  120^  C,  although  at  a  very 
slightly  reduced  temperature  the  oils  are  again  partly  precipitated. 
Olive  oil  is  readily  soluble  at  120^,  but  precipitates  again  upon  a  slight 
reduction  of  temperature.  Mixtures  composed  of  20  per  cent  and  40 
per  cent  of  rape  oil  with  olive  oil  and  similar  mixtures  of  mustard 
oil  showed  no  distinction  from  pure  olive  oil  in  respect  to  solubility. 
Hence  as  a  means  of  detecting  rape  oil,  and  especially  mixtures  of  the 
same  with  olive  oils,  this  test  must  be  considered  of  little  value. 

Sunflower  Oil. 

Sunflower  oil  has  a  mild  taste  and  pleasant  odor,  and  the  cold  drawn 
oil  is  said  to  be  used  in  some  sections  of  Europe  for  culinary  purj)oses.  ^ 
The  ph3^sicAl  and  chemical  characteristics  of  this  oil  are  so  widely  dif- 
ferent from  those  of  olive  oil  that  additions  of  even  relatively  small 
amounts  to  olive  oil  would  l)e  sufiicient  to  make  the  values  of  the  latter 
abnormal.  The  compiled  results  of  the  analvses  of  sunflower  oil  are 
given  in  Table  XXIX. 

«Jour.  Soc.  Chem.  Irid.,  1886,  5:  69,  282. 
^'Jour.  Soc.  Cheni.  Iiid.,  1887,  C:  22. 
<^Jour..So<\  Chein.  Iiul.,  1891,  10:  233. 
<'Jour.  Soc.  Chem.  Ind.,  1892,  11:  p.  470. 
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Determinations. 


AnalyRtfl. 


1^ 


6  0)  OS 

III 


'|0.9260 
.1    .9206 


De  Negri  and  Fabris'  a 

Minimum 

Maximum 

Tolmau  and  Munaon:  t> 

Minimum i 

Maximum ' 

Lewkowitsch:<' 

Minimum .9240 

Maximum .9262 

Allen:  d 

Minimum '    .9240 

Maximum 9260 

Seven  other  analystH:  I 

Minimum 9260 

Maximum 9520 


Degrees. 


72.1 
72.7 


i 


1.4736 
1.4789 


1.4769 


r72.0 
\75.0 


/«7.6 
\78.0 


119.7 
120.1 


i«7o  ;{iI»:J 


.,  119.7 
.|  136.0 

.1  122.0 
'  135.0 

129.0 
133.2 


I 
Is 

I1 

Melting    point 
of  fatty  acids. 

Solidifying 
point  of  fatty 
acids. 

188.0 
189.3 

191.2 
192.3 

188.0 
194.0 

188.4 

}21.0    

|23.0       17.0 

1 

fierct. 

/0.18 
(l.72 

197.6 

192.0 

1 
17.0   

194.0 

23.0    

a 3  samples.    Annali  del  Laboratorio  chimico  centrale  delle  Qabelle,  vol.  2,  Qli  Olii,  pt.  2,  p.  106. 

b  2  samples. 

e  Oils,  Fats  and  Waxes,  p.  356. 

dCtom.  Org.  Anal.,  3d  ed.,  vol  2,  pt.  1,  p.  93. 

Poppy-Seed  Oil. 

According  to  Allen  «  and  Lewkowitsch,*  this  oil  is  quite  largely  used 
in  Europe  as  a  salad  oil  and  for  culinary  purposes,  and  is  used  some- 
what as  an  adulterant  for  olive  oil.  In  this  country,  however,  it  is 
not  used  either  as  a  salad  or  cooking  oil  to  any  extent,  and  it  is  doubt- 
ful whether  it  is  ever  used  as  an  olive-oil  adulterant.  From  Table 
XXX  it  is  seen  that  the  specific  gravity,  index  of  refraction,  Maumen6 
number,  and  iodin  absorption  of  poppy  oil  are  exceptionally  high,  and 
these  characteristics  are  sufficient  to  indicate  its  addition  to  an  olive 
oil,  although,  in  the  absence  of  distinct  qualitative  tests,  the  difficulty 
of  definitely  distinguishing  between  this  oil  and  some  of  the  others 
already  mentioned,  when  added  in  small  proportions,  is  apparent. 


«  Com.  Org.  Anal.,  3d  ed.,  vol.  2,  pt.  1,  p.  94. 
<»0il8,  Fats,  and  Waxes,  2d  ed.,  p.  352. 
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OLIVE    OIL    AND    ITS   SUBSTITUTES. 
Table  XXX. — Poppy-seed  oil. 


AualpiU*. 

De  Negri  and  Fabris: « 
Minim  um 

}0.927C 
.9239 

Maximum 

Tolman  and  Munson:  b 
Minimum 

Maximum 

.9244 

Muntz,  Durand,  and  Mil- 
llauc 

.9250 

Sixteen  other  analysts: 
Minimum 

.9240 

Mn^vf vnnm  .......  ^ 

.9370 

Determinations. 


Hi  !  1^ 


SIS' 


Degree*. 


77.1 
77.8 


1.4766 
1.4770 


fife 


88.5 


»s  I 


I 


1136.8 
1187.5 


75.8     213.0 
85.5     287.5 

80.0 


71.0 
86.4 


a 


138.2 
134.9 


138.0 


130.5 
141.0 


r 


198.4 
198.8 


190.2 
193.8 


192.8 
194.0 


Hod 

|l 

It 

^1 
1' 

°c. 

°C. 

Perct. 

20.0 

21.0 

25.4 

0.90 

25.8 

2.31 

20.5 

16.0 

^20.5 

• 

[ 

a 3  samples.    Annali  del  LAboratoiio  chlmico  centrale  delle  Gabelle,  vol.  2,  Oil  0111,  pt.  2,  p.  114. 

62  samples. 

o  1  sample.    Bulletin  du  Minlstdre  de  TAgriculture,  1895,  p.  139. 

Lard  Oil. 

This  oil  is  so  manufactured  that  it  remains  liquid  at  ordinary  tem- 
peratures, and  when  well  refined  is  entirely  free  from  the  taste  and 
odor  of  lard.  When  heated,  however,  this  odor  is  developed,  and  may 
serve  as  a  means  of  distinguishing  lard  oil  when  not  mixed  with  other 
oils.  If  so  mixed,  however,  even  though  the  lard  oil  be  largely  in 
excess,  this  odor  is  sufficiently  masked  to  make  the  test  of  little  value. 
The  following  table  gives  a  number  of  analyses  of  lard  oil: 

Table  XXXI.— LarJ  oil. 


Analysts. 


tf^      i:i 


Determinations. 


S 


Tolman  and  Munson:" 

Minimum 0.914S 

Maximum j    .9175 

Duykcfe  I 

Minimum \    q, c. 

Maximum \f  -^^^ 

Allen  :c  j 

Minimum il    qir^ 

Maximum f  '^^^ 

Mtintz,  Durand,  and  Mil-  ' 
liau:  d  I 

Minimum I    o,^, 

Maximum If  ■^'*^ 


"2S 

a 

pi 

rS 

H  « 

Butyro- 
tomet 
ingat 

i 

Degrees. 

66.8 

1. 4702 

39.9 

103.3 

69.5 

1.4720 

47.8 

110.8 

&'>.2 

1.4692 

41.0 



33.0 

91.0 

c  > 

a 


as   —  « 


69.7 
77.2 


195.3 
197.7 


73.0     193.0  : 


67.0 
0 


r  67. 

it  82. 


60.0 


189. 5 
196. 


1} 

i 


33.2 
38.4 

35.0 

I 

31.0 

I'errt. 
0.28 
1.28 

1 
35.0 

M.O 

a  4  HampU's. 

^Bulletin  de  I'Aiwooiatinn  Belgo,  1901,  15: 18. 
rCom.  Org.  Anal.,  3fl  ed.,  vol.  2,  pt.  1,  p.  98. 
(IBulletin  du  Ministere  de  TAgriculture,  1895,  p.  139. 
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The  specific  gravity,  refractive  index,  rise  of  temperature  with 
sulphuric  acid,  and  saponification  number  of  this  oil  are  practically 
identical  with  the  same  values  of  olive  oils.  The  iodin  number  is  much 
lower,  and  the  melting  point  of  fatty  acids  much  higher  than  for  olive 
oils,  but  when  mixed,  for  example,  with-  an  olive  oil  having  a  high 
iodin  number  and  a  consequently  low  melting  point  for  its  fatty  acids 
as  nmch  as  50  to  CO  per  cent  of  the  lard  oil  could  be  used  without  ren- 
dering these  values  abnomial  for  pure  oils.  The  lard  oils  have  a  high 
content  of  solid  fatty  acids,  but  this  factor  is  rendered  of  little  value 
when  the  oil  is  mixed  with  an  olive  oil  having  a  high  iodin  number, 
since  such  an  olive  oil  will  probably  have  a  correspondingly  low  con- 
tent of  solid  fatty  acids  as  is  shown  by  Table  XXXIII. 

Miscellaneous  Oua^. 

The  oils  named  in  tables  XXXII  and  XXXIII  were  analyzed  to 
obtain  further  data  regarding  their  values,  and  also  for  the  pui-pose  of 
studying  their  use  in  the  adulteration  of  olive  oil.  Through  the 
kindness  of  the  V.  D.  Anderson  Company,  of  Cleveland,  a  number  of 
cold-pressed  oils  were  prepared  from  seeds  which  were  identified  in 
the  seed  laboratoiy  of  the  Department  of  Agriculture.  They  are  as 
follows: 

BrownmuBtanl Brassicaanenms  (charlock). 

Black  mustard Brasaica  juncea  (Indian  iniietanl). 

Yellow  mustard SinapU  alba  (yellow  mustard). 

Rape Bramca  yutptis. 

Poppy Papaver  mmnifera  ( opium  lH)ppy ). 

The  cocoanut  oil  was  pressed  from  the  flesh  of  cocoanuts.  The  pea- 
nuts used  were  from  Virginia.  The  almond,  cotton-seed,  and  linseed 
oils  were  prepared  from  commercial  seed.  Other  oils  were  prepared 
in  the  lal>oratory. 

There  are  a  number  of  commercial  oils  included  in  these  tables,  but 
as  there  was  no  way  of  being  a.ssured  of  their  purit}'  the  results  obtained 
are  not  of  great  value.  Sample  No.  2:^606  was  sent  by  Armour  &  Co. 
as  a  pure  neutral  lard  oil  and  it  had  practically  no  lard  odor  or  taste 
except  when  heated.  These  samples  were  discussed  under  the  headings 
of  the  various  oils. 

Table  XXXII. — Ikscriplion  of  nmrellarwou^  oih. 


^fjj*^  I    Kind  of  oil.    I  Source.  Description. 


22077  Cocoanut. 

778  do 

494  Palm 

22488  Lard 

22434  do.. 


India  Refining  Co.,  Philadelphia,  Pa.    Konut— eoeoanut  oil,  lard  RubRtltute. 
v.  D.  Anderson  Co.,  Cleveland.  Ohio.    Cold-drawn  oil. 

S<*hiefflein  &  Co..  New  York  City Commercial  oil. 

Armour  &  Co..  ChicoKo,  111 I  Prime  lard  oil. 

Z.  I>.  (Jllman,  Wa.shington,  D.  C. 


23606   do '  Armour  <fe  Co.,  (Chicago,  111 Neutrallard  oil. 


487    do. 

1181  ;  Magnolia. 

1182   do... 

1150 do... 


Schlefflein  &.  Co.,  New  York  City :  Commen-ial  oil. 

James  Brody ,  Biloxi,  MIsm Oil  from  pulp  of  magnolia  seed. 

do Fat  from  pulp  of  magnolia  seed. 

, . . .  .do Oil  from  pulp  of  magnolia  seed. 
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OLIVE    OIL   AND   ITS   SUBSTITUTES. 
Tablb  XXXII. — Description  of  misceUaneouB  oiU — Continued. 


Serial 
No. 

Kind  of  oU. 

Source. 

Description. 

28666 

499 

Peanut 

do 

do 

Z.  D.  Oilman,  Washington,  D.  C 

Prepared  in  laboratory 

Cold-drawn  oil. 

U»4 

8  years  old. 

8  years  old;  cooked  oil. 

Cold-drawn  oil. 

182S5 

do 

772 

U49 

do 

do 

Mustard 

do 

do 

do 

V.  D.  Anderson  Co.,  Cleveland,  Ohio. 
A.  E.  Leach.  Boston,  MaAS 

486 
495 

Schiefllein  &.  Co.,  New  York  City 

Commercial  oil. 

Cold-drawn  oil;  black  mustard 

770 
771 

V.  I).  Anderson  Co.,  Cleveland.  Ohio. 
do 

Cold-drawn  oil;  brown  mustard. 
Onldwlrawn  oU;  black  mui?tftrd. 

776 

...:.do. ..:::.: 

do 

Cold-drawn  oil;  yellow  mustard. 
Commercial  oil. 

490 

Rape 

Schiefflein  <fc  Co.,  New  York  City 

Prepared  in  laboratory 

V.  D.  Anderson  Co.,  Cleveland,  Ohio. 

V.  Villavecchia,  Rome,  Italy 

V.  D.  Anderson  Co.,  Cleveland, Ohio. 

Schielflein  &  Co.,  New  York  City 

Prepared  in  laboratory 

496 
776 
987 
1187 
489 
23624 

do 

do 

do 

Almond 

Sesame 

Sunflower.... 
do 

Cold-drawn  oil. 

Do. 
Colza  oil  di  Vercelli  (Picimente). 
Cold-drawn  oil. 
Commercial  oil. 
Cold-drawn  oil. 

498 

do 

Do 

491 
444 

497 
777 
11S9 

1160 

Malae 

do 

do 

do 

Cotton-seed  .. 

do 

Schielflein  <Se  Co.,  New  York  City 

Glucose  Sugar  Refining  Co.,  Chicago, 

V.  D.  Anderson  Co.,  Cleveland,  Ohlo- 
American  Cotton  Oil  Co.,  New  York 

...?S- 

Commercial  oil. 

Do. 
Cold-drawn  oil. 
Commercial  oil—"  Butter  Oil." 

Commercial  oil— "Summer  White." 

1161 

do 

do 

Commercial  oil— "Cooking  Oil." 
Cold-drawn  oil. 

Do. 
Do. 

1186 
498 
774 

1188 

do 

Poppy 

"iiVniieed" .'!!.'."! 

V.  D.  Anderson  Co.,  Cleveland,  Ohio. 

Schiefllein  &  Co..  New  York  aty 

V.  D.  Anderson  Co.,  Cleveland,  Ohio- 
do 

Table  XXXIII. — Analyses  of  misceUanemis  oils. 
COCOANUT  OIL. 


Serial 
No. 

Specific 
C. 

Butyro- 

refrac- 

tome- 

ter 

reading 

at  16.55 

C. 

Index 
of  re- 
frac- 
tion at 
16.6° 
C. 

Mau- 
men^ 
num- 
ber. 

Spe- 
cific 
tem- 
pera- 
ture 
reac- 
tion. 

Hflbl 
num- 
ber. 

lodin  num- 
ber of  liquid 
fattv  acids. 

Sanon- 
iflca- 
tion 
value. 

Melt- 
point  of 
fatty 
acids. 

Solid 
fatty 
acids. 

Free 

fatty 

acids  as 

oleic. 

II 

11 

22077 

0.9269 
.9259 

Degrees. 

7.90 
8.58 

""C. 

Perd. 

P^et. 

778 

49.1 

1.4587 

21.0 

44.0 

31.9 

269.6         25.2 

65.90 

0.U 

PALM  OIL. 


494     0.9128 


68.0 


.1  201.0  '      49.2 

I  I 


19.68 


LARD  OIL. 


22438 

0.9148 

67.4 

1.4706 

23434 

.9146 

67.4 

1.4706 

23606 

.9160 

69.5 

1.4720 

487 

.9175 

66.8 

L4702 

195.7 

38.2 

18.90 

0.76 

195.3 

34.2 

19.30 

.78 

197.7 

88.4 

26.68 

.28 

196.2 

85.8 

21.43 

L28 

MAGNOLIA  OIL. 


1181 
1182 
1150 


0.9128 


64.5 


66.0 


81.7 
76.1 
80.4 


106.2 
106.7 
100.8 


189.6 
189.2 


34.3 
38.2 


18.32 
24.24 
15.48 


88.07 
48.28 
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Table  XXXIII. — Analyses  of  miscellaneous  oils — Ck)ntinoed. 
PEANUT  OIL. 


Serial 
No. 


499 

13284 

'13285 

772 

1149 


Specific 

gravity 

at  16.6* 

C. 


reding,  """S' 


0.0166 
.9186 
.9188 
.9664 
.9188 


Degrees.^ 
67.5  I 
70.0 
71.0  ' 
76.0 


1.4707 
1. 4728 
1.4729 
1.4768 


71.3  I  1.4781 
70.5  i  1.4726 


Mau- 
men^ 
num- 
ber. 


61.0 
46.6 
56.5 
67.8 
68.2 


cl^  I 
tern-  HQbl 
pera-  num- 
ture  ber. 
reac- 
tion. 


186.6 
129.1 
164.2 
186.9 
185.8 


89.1 
87.8 
98.4 
77.0 
96.3 
94.8 


lodinnom- 
ber  of  liquid 
fatty  acids.   'Sapon 
iflca- 
tion 
value. 


114.6 


5^ 


191.4 
191.8 
190.7 
199.0 
189.9 
188.8 


I 


Melt- 
ing 
point  of 
fatty 
acidA. 


88.2 
34.3 
86.0 
87.6 
36.4 


Solid 
fatty 
acids. 


Free 

fatty 

acids  as 

oleic. 


x%r  ct. 


Pcrd. 
18.51 
a  .40 
62.93 
C5.96 
d  .24 


I 


MUSTARD  OIL. 


486 

0.9178 

76.1 

1.4759 

68.5 

190.8 

496 

.9170 

76.6 

1.4762 

68.2 

189.4 

770 

.9184 

76.2 

1.4760 

77.6 

165.4 

771 

.9198 

76.5 

1.4762 

79.4  169.3 

776 

.9147 

74.5 

1.4750 

61.4  130.9 

108.0 
105.8 
110.4 
118.0 
98.4 


114.2 
119.8 
108.1 


115.7 
116.8 
121.1 
103.0 


175.9 
176.0 
178.5 
182.8 
178.0 


21.0 
21.5 
20.8 
20.8 
21.1 


4.06 

1.06 

2.82 

Trace. 


1.18 
.88 
.48 
.84 
.13 


RAPE  OIL. 


490 
496 
776 
987 


0.9161 
.9148 
.9168 
.9168 


74.3 
74.3 
74.1 
74.8 


1.4749 
1.4749 
1.4748 
1.4752 


54.5  151.4 
64.9  I  152.5 

63.6  I  185.6 
67.8  144.5 


92.5 
92.7 
101.3 
101.2 


100.5 
101.5 
105.1 


96.9 
98.0 
106.0 
107.6 


175.7 
174.7 
176.6 
174.1 


20.0 
21.9 
20.5 
20.4 


0.12 

1.02 

Trace. 

L43 


3.57 
.63 
1.26 
L52 


ALMOND  OIL. 


1187 


0.9186 


70.9 


46.3 


117.6 


96.2 


I  192.5        23.2 


0.48 


SESAME  OIL. 


489     0.9218        73.3     L4742       61.3     170.3     106.6    115.4     190.7  i      27.4       f0.70 


0.44 


SUNFLOWER  OIL. 


60.0  I  166.7 


108.3 
104.1 


118.8  I 
105.3  . 


117.8 
113.8 


192.8  ! 
191.2  I 


21.0 
2L0 


8.67 
4.12 


0.18 
1.72 


MAIZE  OIL. 


119.2 

133.3 

119.7 

126.6 

116.7 

129.4 

123.3 

134.5 

184.6 
184.8 
132.1 
139.8 


193.4 

191.6  ' 

191.7  I 
189.9 


22.0 
23.0 


21.6 


6.98 
6.70 
7.07 
7.44 


8.12 
1.80 


3.66 


COTTON-SEED  OIL. 


1169 
1160 
1161 
1186 


0.9226 


.9226 
.9286 


72. 6 
72.3 
72.3 
75.6 


1.4738 
1.4787 
L4737 
1.4757 


66.4 
73.4 
66.2 
67.1 


172.9 
191.1 
172.4 
174.3 


108.8 
106.2 
104.8 
110.9 


197.1 
196.9 
196.0 
198.5 


35.5 
39.0 
39.6 
38.0 


a 8. 41  per  cent  aractaidic  acid:  melting  point  72.5°;  cold  pressed  oil. 

b3.78  per  cent  arachidic  acid;  melting  point  72.5°. 

C4.24  per  cent  arachidic  acid;  melting  point  73°. 

((4.12  per  cent  arachidic  acid;  melting  point  72°:  cold  pressed  oil. 

«  Cooied  oil. 


22.90  , 

22.43 

28.60 
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No. 


Table  XXXIII. — AtuUifsett  of  miaceUuneous  oils — Continued. 
POPPY  OIL. 


Specific 
Serial     gravity 
tttl5.6o 
C. 


493 
774 


♦^i^  ofre- 

Tr  ^^*«- 

at  15.5^,  ^^AT 

I      C.      I      ^• 


.9244 


Degrees. 

77'.  H 


1.4766 
1.4770 


Maii- 
men<^ 
num- 
ber. 


85.5 
76.8 


Spe- 
cific 
tem- 
pera- 
ture 
reac- 
tion. 


•237.5 
213.0 


Hiibl 
num- 
ber. 


i:n.  2 
134.9 


lodin  num- 
ber of  liquid 
fatty  acids. 


II 


ic»*^*.     Melt- 


142.0  I  151.7 


190.2  I 
193.  H  ' 


25.4 
25.8 


LINSEED  OIL. 


1188     0.9818         88.8     1.4831 


Solid 
fatty 
acid8. 


Per.ct. 


6.67 


Free 

fatty 

acids  as 

oleic. 


Prrct. 
2.31 
.90 


179.6  ! 191.7  ,      19.2 

I  i  I 


3.88  0.40 


OLIVE  OILS  OF  KirOWN  OEIGIN. 

California  Oils. 

The  oils  in  Tables  XXXIV  and  XXXV  were  obtained  principally 
from  producera  of  established  reputations  and  were  accompanied  by 
affidavits  as  to  purity.  Three  samples,  made  at  the  station,  were 
obtained  from  G.  E.  Colby,  of  the  California  Agricultui-al  Experi- 
ment Station.  The  oils  reported  on  are  from  all  parts  of  the  State 
devoted  to  olive  culture  and  represent  practically  all  the  different 
existing  soils  and  climatic  conditions,  which  undoubtedly  exert  a  great 
influence  on  the  chemical,  and  physical  characteristics  of  the  samples. 

The  results  give  a  good  idea  of  the  variability  of  California  oils. 
The  analyses  are  more  complete  than  any  previously  published  data 
on  this  subject,  which  gives  them  added  value  in  determining  the  limits 
of  the  various  values.  The  per  cent  of  free  fatt\^  ai'ids  eliminates  two 
oils  which  would  otherwise  give  an  extraordinary  variation  to  the  spe- 
cific gravity  and  index  of  refraction  figures,  a  variation  that  is  certainly 
not  legitimate  for  the  grade  of  oils  considered  here.  Oils  such  as  Nos. 
22619  and  673  are  not  fit  for  use  as  salad  oils,  hh  the}^  contain  44  and  12 
per  cent  of  free  acid  respectively.  This  factor  should  always  be  taken 
into  consideration  in  reporting  low  results  on  specific  gravity  and  refrac- 
tive index.  The  variety  of  olive  and  the  climate  and  soil  may  greatly 
affect  the  oil;  how  much  these  factors  affect  the  product  must  be  decided 
by  further  study.  Six  samples  of  oil  (Nos.  23456,  831,  833,  23457,  832, 
and  834)  show  the  unifoimity  of  oils  produced  from  different  varieties 
of  olive  where  the  soil  and  climatic  conditions  are  the  same  and  the  same 
process  of  manufacture  is  used.  The  first  three  were  made  from  Ital- 
ian varieties  and  the  last  three  from  the  Mission  olive.  The  Mission 
olive,  introduced  into  California  by  the  old  Mission  fathers,  is  the 
variety  generally  grown  in  the  State,  and  most  of  the  oil  made  comes 
from  it.  Table  XXXVI  gives  the  compiled  results  of  analyses  of 
California  oils. 
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Serial 
No. 


Source. 


Description. 


23463 

22617 
22618 
22619 

22713 
22714 

22715 

23458 

23649 

844 


840 

23456 

831 

833 

23457 

832 

834 

23462 

506 

836 

837 

835 

1091 

23605 

798 

795 

796 

797 

23460 

23461 

23124 

841 

842 

843 

23459 

673 


John  Bidwell  estate,  Chico. 
Fred  Busby,  Concord , 


G.  E.  Colby,  Berkeley. 

do 

do 


Elwood  Cooper,  Santa  Barbara. 
do 


.do. 
.do. 


Ehmann  Olive  Co.,  Oroville 

do 

C.  M.  Ulfford, San  Diego 

do 

do 

Edward  E.  Goodrich,  Stinta  Clara  . 

do 

do 

do 

do 

do 

J.  C.  Gray,  Oroville 


James  Hill  &  Sons,  Loh  Angeles  . 

do 

do 

do 

J.  A.  Kleiser,  Cloverdale 

Peveril  Meigs,  Santa  Barbara 

do 

do 

do 

do 

Morris  &  Smith,  Yolo 

Dr.  Prosek,  Ouemeville 

J.  O.  Riddell,  Redlands 

do 

....do 

do 

Vincent  C.  Smith,  Napa 

do 


"RanchoChlco"  pure  olive  oil;  made  from  Mission 

olives. 
Pure  olive  oil  from  Busby's  olive  grove;  made  from 

Mission  olives. 
Oil  from  Redding  Picholine  olives;  made  in  1K93.. 
Oil  fn)m  mixed  varieties;  made  in  1898. 
Oil  from  Manzanillo  olives  (jKwr  quality);  made  in 

1900. 
Highest  grade  olive  oil;  made  from  Miflsion  olives. 
Second  pressing  olive  oil,  10  years  old;  made  from 

Mission  olives. 
Common  grade  olive  oil  (for  lubrluitiugand  similar 

purposes);  made  from  Mission  olives. 
Pure  olive  oil,  highest  grade;  made  from  Missionoll  ves. 
Pure  olive  oil. 

Do. 
•'Glfford's  Best"  olive  oil;  made  from  Mission  olives. 
Olive  oil  just  from  sertarator;  made  from  Mission  olives. 
Olive  oil  6  weeks  old;  made  from  Mission  olives. 
El  Quito  olive  oil,  Italian  variety. 
El  Quito  olive  oil,  Italian  variety,  1901. 
El  Quito  olive  oil,  Italian  variety,  1902. 
El  Quito  olive  oil,  Mission  variety. 
El  QuiU)  olive  oil,  Mission  variety,  1901. 
El  Quito  olive  oil,  Mission  variety.  1902. 
Pure  olive  oil  from  Mount  Ida  olive  grove;  made  from 

Picholine  olives. 
Hill's  pure  olive  oil. 
Hill's  pure  olive  oil;  season  1901. 
Olive  oil,  first  pressing,  1902. 
Olive  oil,  second  presKing.  1902. 
Pure  olive  oil. 

Meigs's  pure  olive  oil;  made  from  Mission  olives. 
Olive  oil;  made  from  Mission  olives. 
Olive  oil;  sample  taken  from  top  of  barrel. 
Olive  oil;  sample  tiiken  from  middle  of  barrel. 
Olive  oil;  sample  taken  from  bottom  of  barrel. 
Pure  olive  oil. 

Do. 
Riddell'spure  olive  oil. 
Oil  from  ripe  olives,  1901. 
Oil  from  ripe  olives,  1902. 
Oil  from  green  olives,  19(K2. 
Pure  olive  oil;  from  "Glen  Olive"  farm. 
Second  pressing  olive  oil;  from  "Glen  Olive"  farm. 


Table  XXXV^. — AnnlyHes  of  Calif omin  (dire  oils  of  kmnmi  (trigin. 


6 
J5 

k 

0.9168 
.9164 

28692.... 
28463.... 
22617  .... 

22618.... 

22619  a... 

22713.... 

22714.... 

■ 

22715 

28458.... 
23649.... 

844.... 

888.... 

839.... 

840.... 
28456.... 

831.... 

888.... 
28457.... 

882.... 

884.... 

.9169 
.9164 
.9180 
.9169 
.9171 
.9169 
.9169 
.9168 
.9170 
.9166 
.9178 
.9168 

o«6 

6 

sJ 

o- 

g.^ 

11 

8» 
1% 

s 

II 

1.4713 

1.4712 

48.0 

106.6 

1.4706 

1.4707 

1.4672 

1. 4715 

1.4718 

1.4711 

1.4715 

48.4 

107.5 

1.4710 

43.5 

96.6 

1.4713 

46.9 

97.9 

1.4718 

49.5 

108.5 

1.4718 

48.4 

106.0 

1.4716 

48.2 

105.7 

1.4711 

47.7 

106.0 

1.4715 

46.6 

98.1 

1.4715 

48.0 

101.0 

1.4711 

47.0 

104.4 

1.4715 

47.6 

100.1 

1.4715 

46.2 

97.2  1 

lodin  num- 
lier  of  liquid  I 


S 
2 


85.6 
85.6 
78.5 
83.7 
79.6 
85.3 
84.6 
84.7 
88.2 
83.4 
84.2 
86.2 
89.0 
86.3 
84.3 
85.2 
84.8 
86.2 
84.9 
84.5 


fatty 

|1 

96.6 
91.5 

acids. 

94.3 
94.4 

94.9 

'  *94.'9* 
88.9 

94.3 
92.2- 
90.5 
96.8 

"93.'4' 

96.4  1 
98.2 
96.3 
95.4 

'  '9i.'2' 


96.2 
93.5 
93.2 
94.4 

191.2 
191.9 
194.4 
192.5 
191.8 
191.1 
191.5 
191.3 
191.4 
192.1 
189.7 


189.4 
191.9 
189.3 
189.8 
191.6 
189.8 
189.3 


a? 
1^- 


°(7. 
22.6 
21.3 
80.2 
20.7 
24.5 
22.4 
22.4 
20.5 
23.5 
'22.6 
25.8 
24.0 
21.2 
24.0 
23.4 
20.6 
20.2 
21.1 
20.5 
19.4 


•5 

«J 

« 

*  6 

£ 

p:s 

s 

^a 

S 

£ 

Perct. 

Perct. 

5.12 

0.95 

4.92 

.79 

.86 

8.21 

44.40 

5. 11 

.73 

3.87 

1.26 

2.02 

2.73 

4.42 

.73 

1.43 

.35 

6.15 

1.07 

4.94 

3.51 

5.94 

1.09 

7.23 

.58 

.61 

6.55 

.65 

3.39 

.97 

5.40 

.85 

6.03 

.84 

a  Not  included  in  average  on  account  of  high  percentage  of  free  acid. 
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Tablk  XXXV. — Analyses  of  CkjUifomia  olive  oils  of  known  origin — Continued. 


S 


28402.... 

506.... 

886.... 
■    837.... 

885.... 

1091.... 

28606.... 

798.... 

795.... 

796.... 

797.... 
28460.... 
28461.... 
28124.... 

841.... 

842.... 

848.... 
28459.... 

673«... 

Average 
Max  .... 
Min 


t 


an 


.9162 
.9174 
.9174 
.9167 
.9167 
.9167 
.9171 
.9177 
.9177 
.9177 
.9177 
.9167 
.9162 
.9171 
.9168 
.9168 
.9169 
.9162 
.9149 


.9170 
.9180 
.9162 


Degree*. 
66.9 
68.5 
68.8 
68.4 
68.2 
68.8 
68.5 
68.8 
69.0 
68.8 
68.8 
68.2 
67.5 
68.2 
68.8 
68.7 
68.6 
67.7 
66.4 


68.4 
69.2 
62.0 


II 


«2 

73© 


1.4708 
1.4718 
1.4716 
1.4718 
1.4711 
1. 4715 
1.4718 
1.4715 
1.4717 
1.4715 
1.4715 
1.4711 
1.4707 
1.4711 
1.4715 
1.4715 
1.4714 
1.4709 
1.4699 


1.4718 
1.4718 
1.4708 


%% 


48.0 
38.0 
48.2 
45.0 
44.8 
45.8 
47.1 
51.0 
60.0 
62.1 
60.2 
47.0 
45.0 
45.5 
47.1 
46.8 
45.6 
45.5 
45.5 


11 


g 

c 
2 


95.5 
98.9 
106.7 
98.6 
98.2 
94.5 
104.2 
107.8 
106.2 
109.7 
106.6 
104.0 
100.0 


lodin  num- 
ber of  liauld 
fatty  acids. 


46.9 
62.1 
38.0 


98.3 
97.7 
95.2 
101.2 
95.0 


79.9 

84.4 

86.0 

84.2 

82.7 

81.9 

88.5 

89.7 

89.7 

89.8 

89.8 

85.7 

83.0 

83.7 

86.9 

87.2 

85.1  I 

82.9  I 

88.3  I 


0 

91.7 

94.4 

::::::: 

93.  i 
92.6  , 

94.5 

95.0  . 

'  '93.8" 
92.4 
92.5 

98.7 
98.8 
96.6 
95.8 
95.4 
93.7 

1 

90.3 

93.3 

c  > 

a 
2 


Is 


192.2 
193.1 
190.7 
190.3 
190.4 
190.0 
191.5 
190.0 
189.8 
189.9 
189.7 
190.4 
192.0 
193.8 
189.4 
189.5 
189.6 
191.6 
189.5 


101.8  I  85.3 
109.7  '  89.8 
94.5       78.5 


92.8 
96.6 
88.9 


95.0 

98.8 
90.5 


190.9 
194.4 
189.3 


31.0 
22.4 
24.8 
23.6 
26.0 
26.6 
20.2 
19.2 
19.8 
19.2 
19.6 
23.4 
28.0 
25.4 
21.6 
21.4 
22.8 
25.0 
21.6 


22.9 
31.0 
19.2 


PercL 
10.91 


t 


5.16 

6.19 

12.96 

2.43 


4.73 
4.69 
5.44 
6.24 
7.62 
6.20 
8.61 
7.52 
4.83 
5.69 
7.58 


Perd. 

.79 

.71 

2.51 

.51 

.96 

1.42 

1.54 

.63 

.75 

.61 

.63 

2.24 

1.07 

.47 

.20 

.21 

.28 

1.72 

12.11 


5.86  1.20 

12.96  j      44.40 
2.02  I  .20 


a  Not  Included  In  avera^  on  account  of  hi|rh  percenta«re  of  free  acid. 


Table  XXXVI. — Analyses  of  California  olive  oils,     (Compiled.) 


Analysts. 


Blafldalero 

Minlmam 

Maximum 

Tolman  and  Mmiflon:^ 

Minimum 

Maximum 

Colbyro 

Minimum 

Maximum 


Determinations. 


k 


0.9161 
.9174 


.9162 
.9180 


.9140 
.9185 


2ife^ 


r^ 


Degrees. 


66.9 
69.2 


1.4710 
1.4716 


1.4703 
1.4718 


1.4689 
1.4717 


1^ 


45.0 
47.0 


38.0 
52.1 


|2i 


94.5 
109.7 


all  samples.    Jour.  Amer.  Chem.  80c.,  1896,  17:  935. 

b  42  samples. 

c  California  Agr.  Expt.  Sta.  Rept..  1897-98,  p.  165. 

Italian  Olive  Oils. 

These  oils,  results  upon  which  are  given  in  Tables  XXXVIl  and 
XXXVIII,  were  obtained  through  V.  Villavecchia,  chemist  of  the 
custom-hou«e  at  Home,  and  Giacomo  Deilapiane  fu  Andrea,  of  Genoa. 
The  oils  represent  all  the  large  oil-producing  districts  of  Italy.  It  is 
impossible  to  give  the  variety  of  olive  used  on  account  of  the  great 
number  of  varieties  in  Italy;  each  small  district  may  have  a  distinct 
variety  of  olives.    The  Italian  olive  oils  are  not  materially  diflferent 
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from  the  California  oils!  They  have  a  somewhat  lower  Hiibl  num- 
ber, and  the  percentage  of  solid  fatty  acids  and  the  melting  point 
of  the  free  fatty  acids  are  on  the  average  considenibly  higher.  One 
noticeable  difference  between  the  two  oils  was  observed  after  they  had 
stood  in  an  ice  box  for  several  weeks.  Many  of  the  California  oils 
showed  no  separation  of  solid  fats  and  none  of  them  became  solid, 
while  nearly  all  the  Italian  oils  did  become  solid.  This  characteristic 
also  held  with  the  commercial  oils.  The  French  oils  resembled  in 
this  respect  the  Italian  oils.  Tables  XXXIX  and  XL  give  the  com- 
piled results  of  analyses  of  Italian  and  miscellaneous  olive  oils, 
respectively. 


Table  XXXVII. — Deacnjttwn  of  lUdian  olire  oils  of  hicmt  oriijin. 


Serial 
No. 


680.. 


960. 
961. 


Source. 


t 


De.strlptioii. 


Fred  Bailer  &  Co.,  Messina 

v.  Villavecchia,  Rome 

Giacomo    Dellepiane     fu    Audrt'u, 
Genoa. 

...do 

985 1  v.  Villavecchia,  Rome 

936 do 

962 Giacomo     Dellepiane     fu    Andrea, 

I      Genoa. 

931 V.  Villavecchia,  Rome 

932 ' do 

968 '  Giacomo     Dellepiane     fu     Andrea, 

Genoa. 

969 1 do 

934 '  V.  Villavecchia,  Rome 

952 j  Giacomo    Dellepiane     fu     Andrea, 

Genoa. 
963 1 do. 


954. 
966. 
967. 


.do. 
.do. 
.do. 
.do. 


Pure  olive  oil  f  Bari). 

Olio  di  oliva  di  Bari  (  PukHc). 

Bari,  first  quality. 

Bitonto. 

Olio  di  oliva  di  Bitonto  (Pu^flio). 
Olio  di  oliva  di  MonoiH)]i  (Puglie). 
Molfctta,  Bttri. 

Olio  di  oliva  di  T(wc*ana. 

Finest  sublime  Lucca  oil.  S.  R»ie  &.  Co. 

Lucca  (Toscanc);  Lucca,  first  grade. 

Lucca  (To8cane);  Lucca,  second  grrude. 
Olio  di  oliva  di  Liguria  (Genoa). 
Maurizio  (Liguria),  Monte  della  Grasia 

Genoa  (Liguria),  Spezia. 

Genoa  (Liguria),  Genoa. 

Olio  fino,  Genoa  (Liguria),  Lotmo. 

Olio  superfine,  Genoa  (Liguria),  Loano. 

Abruzzo,  Fossacesia. 


Table  XXXVIII. — Analyscft  of  Italian  olive  oiU  of  knovn  or  it;  in. 

¥ 

Sjrial  No. 


», 

6^ 

■H  c 

IS 

?.  Co 

utyro-i 
meter 
at  15.5 

aj 

n 

580 

938 

960 

961 

935 

936 

962 

931 

932 

958 

959 

984 

952 

953 

954 

955 

957 

966 

Average . . . 
Maximum. 
Minimum  . 


0.9177 
.9158 
.9159  I 
.9162 
.9162  I 
.9155  I 
.9159 
.9166 
.9167  I 
.9158 
.9164 
.9169  I 
.9160 
.9161  I 
.9180 
.9157 
.9166  I 
.9164 


.916:j  I 
.9180 
.9166  I 


67.8 
68. 5 
67.3 


I  1.4709  I 

!  1.4713  I 

1. 4705 


44.9 
49.1 
39.0 


99.1 

iai.7 

95.  () 


SI 

6 

91.0 

%.5 

IW.i) 

2a.  5  ' 

8t5 

1 

9.S.  4 

10-J.l 

VJr2.0 

29. 3 

79 

2 

89.8 

.S9.1 

18U.6 

21.6 

17.72 
5.01 


1.11 

2.79 

.57 


4080— No.  77—03 ± 
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Table  XXXl^,— Italian  olive  oils,     {Compiled.) 


Detcrmlnatioiv*«. 

Analysts. 

k 

i  * 

CO 

60.9160 
.9180 

0.9146 
.9178 

d.9160 
.9180 

1" 

%6 

11 
II 

V 

ii 

11 

i 

3 

a 
0 

is 
V 

S  ctt 

bex 

H 
=11 

OS 

|3 

De  Nejrri  and  Fabrisia 

Degrees. 

32.0 
36.5 

33.0 
36.5 

82.0 
37.0 

79.1 
88.3 

81.1 
89.8 

79.0 
87.1 

187.9 
192.2 

185.0 
192.0 

188.8 
192.3 

OC. 

OC. 

Pr.cL 

Maxlipuni  .r.,.,.  ...r. 

De  Ne«ri  and  Fabris:  a 

Mfnlmnm  »^---,, 

Maximum  .....,......t 

De  Negri  and  Fabris:  a 
Mini™""* -,-,.-,- 

' 

IhTft-rliniim  . 

1 

AverajT*^ ...,, 

.9166 

1 1 

83.7 

1 

' 

MOnU,  Durand  and   Mil- 
liaure 
Minimum 

.9158 
.9163 
.9169 

.9165 
.9180 

80.0 
35.0 
87.0 

39.6 
49.1 

83.3 
97.2 

83.7 
84.0 

24.0 
24,5 

22.0 

Maximum 

23.0  1 

Tortelli  and  Ruggerl  / 

Tolman  and  Munson:  1/ 
Minimum 

23.7 

! 

67.3 
68.5 

1.4703 
1.4718 

95.6 
104.7 

79.2^ 

«>.l 

189.7 
192.0 

21.6 
29.3 



0.61 

Maximum  .........i..t 

2.79 

Maximum 

.9180 
.9145 

1W.7 
83.8 

89.8 
79.0 

192.0 
186.0 

29.3 
24.0 

Minimum 

a  Annali  del  Laboratorio  chimico  centrale  delle  Uabelle,  vol.  2,  Uli  Olii,  pt.  2,  p.  114. 

b  18  samples.    Oil  from  green  olives. 

^17  samples.    Oil  from  ripe  olives. 

d  53  samples.    Pure  oils  from  various  sources. 

e  4  samples.    Bulletin  du  Minist^re  de  1' Agriculture.  1896. 

/Annali  del  Laboratorio  chimico  centrale  delle  Gabelle,  1900.  n)l.  4,  p.  249. 

g  18  samples. 

Tablk  XL. — MiacAlaneoxis  olive  o'lU.     {OmipUnl.) 


Detenninatioiis. 


Analysts. 


m 

utyro 
tomet 
ing  at 

Of. 

PQ 

^3 

Jk'ffrecs. 

0.91  (.9 

.9172 

B 

V 


I 


^.1 

^-  ! 

la 

KB 


M 

B 

3 
a 


fSO.O 
135.0 


Mi'intx,  Durand  and  Mil- 
liau  (oils  from  Africa)." 

Minimum 

Maximum 

Miintz,  Durand  and  Mll- 
1  iau  ( oils  from  Spain ):b    1 

Minimum \ 

Maximum /  ' 

Milntz,  Durand  and  Mil-  I 
1  iau  ( oils  from  Portugal  ):t>\ 

Minimum \\ 

Maximum J  * 

MOntz,  Durand  and  Mil-  i 
llau  (oils  from  Greece)  :b 

Minimum ,\    g. .» 

Maximum 1/  •^^''" 

Miintz,  Durand  and  Mil-  I 
liau  (oils from  Turkey )^: 

Minimum 1I 

Maximum j  • 

Mtlntz,  Durand  and  Mil- 
liau  (oils  from  the  le- 
vant) :ft 

Minimum 

Maximum 

a  4  samples.    Bulletin  du  Minist^re  de  1' Agriculture,  1895.  p.  139^ 
ft  Bulletin  du  Minlst^re  de  1' Agriculture,  1896,  p.  139. 


9160 

9167 

91(H) 

9102 

91fy> 

30.0  I    S3.3  ,     84.1 
36.0       97.2       81.5 


/30.0  •    83.3    1  „.,  « 
135.0       97.2   f^'^ 


rao.o 
\35.0 


/30.0       83.8   1  01 
135.0  ;     97.2    f  '^• 


/30.0       83.3   \  y., 
\a5.O  ,    97.2   1  ^^' 


«.6 


c  > 


1  ■.. 


I   ^  op 


24.0 
26.0 


24.0 


24.5 


24.5 


24.6 


-I 

.-Co 


22.6 
24.5 


22.0 


28.5 


23.0 


23.0 


II 
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¥ 

1* 

Index  of  refiac-  I 
tion  at  15.5°  C. 

Bet 

a 

V 

1 

erminations. 

AnalyniB. 

1  Specific  temper- 
ature reaction. 

i 

s 

p 
c 

2 
w 

81.4 
85.2 

79.3 

89.5 
85.0 

83.5 
84.1 
79.2 

83.4 

C3 
O 

h  =1-  1 

Mantz,  Dumnd  and  Mil- 
Uau  (oils  from  Tunis)  :a 
Minimam 

.9150 
.9182 

.9170 
.9196 
.9188 

.9154 
.9168 

1  24.0 

27.0 

1 

1  '^^'^ 

'  38.0 

32.0 

1 

24.0 

25.0 

194. 6     26. 8 

°r.     PercL 
22.5  ' 

Maximum 

1 

25.0   

MlllUu,Bertaincband  and 

Malet  (oils  from  Tunis)  b: 

Minimum 

1 

30.0 
36.0 

84.0 
97.0 

20.2  ,    0.60 

Maximum     

1 

31  9       7.6 

Average 

! 

'    1.4' 

Mtintz,  Durand  and  Mil- 

liau  (oils  from  France)  :<• 

Minimum 



:w.0 

35.0 

83.8 
97.2 

22.5    

Maximum 

24. 0 

Tolman  and  Munsoii  (oils 

68.9  1 
67.8 

1.4716 
1.4710 

1.40 

from  Montevideo)  :d 
Tolman  and  Munaon  (oils 
from  San  Antonio) :  <i 

190.7 

23.4 

4.83 

a  15  samplcii.    Bulletin  du  Minist(^rc  de  1' Agriculture,  1895.  p.  139. 
1 49  samples.    Bulletin  de  1'  Agriculture  et  Commerce  de  TiuiLs. 
cj  samples.    Bulletin  du  Minlstdre  de  1' Agriculture,  1895.  p.  139. 
dThese  two  South  American  oils  were  exlubited  at  the  World's  Fair.  Chicago. 
Berkeley,  Cal. 

COMMEECIAL  OLIVE  OILS. 


From  W.  C.  Blaadale, 


One  hundred  and  fifty-seven  samples  of  commercial  olive  oils  were 
examined,  of  which  72  were  labeled  French  oils,  67  were  Italian  oils, 
15  were  California  oils,  and  the  remaining  3  were  of  miscellaneous 
origin.  Sixty -one  samples  were  furnished  by  the  Treasury  Depart- 
ment and  came  from  the  appraisers'  stores  at  New  York  and  Philadel- 
phia; 96  samples  were  bought  upon  the  markets  at  Boston,  Buffalo, 
Chicago,  New  Haven,  New  Orleans,  St.  Louis,  San  Fi-ancisco,  Oakland, 
and  Washington.  The  following  table  summarizes  the  results  obtained 
on  these  commercial  oils: 

Table  XLl. — Summary  of  mmmercial  oiU. 


Kind  and  source. 


French  oils: 

From,  appraiser's  stores 

Purchased  in  market 

Italian  oils: 

From  appraiser's  stores 

Purchased  in  market 

Total  imported  oils: 

From  appraiser's  st4)res 

Purchased  In  market 

California  oils,  purchased  in  market 

Miscellaneous  oils.a  purchased  in  market 


Total  num- 
ber of 
samples. 


Samples 
containing 

oils  other 
than  olive. 


Samples 

containing 

cotton-seed 

oil. 


I 


0 
5 

0 
6 

0 
11 
2 
2 


(■One  sample  sold  a.s  "superior  to  any  olive  oil "  was  maize  oil. 

Descriptions  of  the  commercial  samples  are  given  in  Tables  XLII, 
XLIV,  XLVl,  and  XL VIII,  and  the  results  of  the  analyses  are  given 


Digitized  by 


Google 


52 


OLIVE   OIL   AND   ITS   SUBSTITUTES. 


in  Tables  XLITI,  XLV,  XLVII,  and  XLIX.  Table  XLIII  gives  the 
reHults  obtained  on  the  commercial  samples  of  California  oils.  These 
oils  agree  very  closely  with  the  California  oils  of  known  purity  given 
in  Tj^ble  XXXV.  The  melting  point  of  the  fatty  acids  of  No.  23114 
is  rather  high,  but  the  percentage  of  solid  fatty  acids  is  also  high,  and 
the  iodin  number  is  correspondingly  low. 

Table  XLII. — Description  of  eommercixU  California  oils  not  found  aduUerated, 


Serial  , 
No.    I 


Source. 


Ca- 
pacity 
of        Price. 

Price 
of  10 

recep- 
tacle. , 

ounces. 

Label. 


22432 
22616 
23069 


23101 
23109 
23112 

23114 
23116 
23117 
23118 
23124 
23125 


1  OUIWCK. 

C.C.Bryan,  Washing-        20.3 
I      ton,  D.  C.  I 

F.  J.  Lea  &  Co.,  Oak- 
land, Cal. 

Alameda  Co.,  Boston, 
MaRH. 

SunHct  Grocery  Co., 
Oakland,  Cal. 

Torrey   &   Gardiner, 
Oakland,  Cal. 

A.  Rlmon,  San  Fran- 
cisco, C'al. 

John    Schloen,    San 
Francisco,  Cal. 

L.  I^benbaum  &  ilo., 

San  Francisco.  Cal. 

J.  Caire  Co.,  San  Fmn- 

ciKOO,  Cal. 
do 


do 

J.    O.    Riddel, 

landM,  Cal. 
do 


Red- 


Dollar«.\  Dollars. 

1.00        0.49     Callfoniia  Olive  Oil,  Ollvina.    Julius  Paul 
I  Smith.  Uvermore,  Cal. 

C'alifornia  Olive  Oil.    Alameda  Co.,  Boston, 

Mass.    Absolutely  Pure, 
Absolutely  Pure.    "San  Pedro." 

1.00         .61     Old  MiHKion  Olive  Oil.    Akerman  &  Tuffley, 
t  San  Diego,  Cal. 

.90    Coburn's  Olive  Oil.    Coburn,  Tevis  iSc  Co., 

San  Franci.«»co,  Cal. 
Gifford's  Best  California  Olive  Oil.    Abso- 
lutelv  Pure.    C.  M.  Gilford,   Jamacha  Val- 
Icv,  San  Diego  Co.,  Cal. 
,  Santa  Ana,  California.  Olive  Oil.    First  Press- 
!      ing. 
41     I'ure  Olive  Oil.    Quito  Olive  Farm,  Santa 
Clara  Co.,  Cal. 
I»ure  Olive  Oil.    Pala  Grove,  Alum  Rock,  San 

Tqup   C>&1 

Pure  Olive  Oil.  Olivina  Farm,  Auburn,  Cal. 
Mrs.  Emily  Roberson. 

Riddel's  Olive  Oil.  First  Pressing.  J.  O.  Rid- 
del, Redlands.  Cnl. 

Pure  Olive  Oil.    F.  M.  Hunt,  Redlands,  Cal. 


Tabi.k  XLIII. — AnalyMex  of  vommerrud  California  oils  not  found  aduUeraied. 


Serial 
No. 


|8pociHf 
'graviiv 
at  15.5° 


Butyro-j 
refmc-  , 
to-  i 
meter  ; 
reading 
at  15.5° 
C.      , 


22432 

n  Qifi2 

22616 - 

23069 

9157 

23099 

9163 

23101 

9177 

23109 

9163 

•23112 

23114 

9167 

23116 

9171 

23117 

91G7 

23118 

91W 

23124 

9171 

23125 

2? 


Dfffrrftt. 
'68.7 
67.4 
67.1 
67.7 
67.9 
67.9 
68.1 
67.4 
68.9 
ri8.  fi 
CiS.  0 
6S.2 
67.9 


Average . . . 
Maximum. 
Minimum  . 


1.4715 
1.4707 
1.4705 
1.4708 
1.4710 
1.4710 
1.4711 
1.4707 
1.4717 
1.4714 
1.4710 
1.4711 
1.4710 


S5 


41.0 


43.0 
43.5 
51.0 
44.5 
46.3  , 
49.5  i 
45.0  I 
13.8  I 

45.5  , 
48.0  ■ 


.9165  «W.O  1.4710 
,9177  '  (J.S.9  1.4717 
.9162         67.1  1 1.4705 


Iodin  number 

c 

1.^ 

of  11 
fatty 

quid 
acids. 

o 

Melt- 

Free 

B 

Si 

ing 

Solid 

fattv 
acids 

. 

'sz:z 

point 

fftlly 

c 

Si 

1^ 

s  > 

of  fatty 

acids. 

as 

2 

C3 

B. 

a(Mds. 

oleic. 

a 

q3 

u"" 

1 

lYrct. 

°C. 

Perct. 

84.5 

91.5 

191.6 

22.5 

3.22 

1.27 

81.0 

192.6 
193.4 

2.5.0 
26.2 

"7.45" 

3.49 

79.0 

89.8 

81.6 

88.4 

85.9 

190.5 

21.9 

4.01 

.29 

83.8 

93.9 

94.9 

192.9 

26.1 

7.18 

3.96 

80.3 

88.5 

92.0 

193.2 

25.8 

8.32 

1.18 

79.9 

93.3 

192.4 

•25. 2 

7.96 

79.9 

iM.9 

97.0 

194.9 

3.3.4 

13.20 

.76 

83.4 

90.9 

94.1 

191.9 

22.4 

5.47 

.69 

8:^.7 

89.4 

92.1 

192.2 

•20.7 

3.62 

.80 

81.0 

88.7 

90.1 

193.1 

23.1 

5.62 

1.24 

83.7 

92.5 

9:^.7 

19:^.3 

25. 4 

6.20 

.47 

80.5 

93.2 

95.0 

193.2 

23.2 

5.42 

7.25 

82.  2 

91.2 

92. 5 

19'2. 7 

'24.7 

6.47 

1.95 

86.5 

94.9 

97.0 

19-1.9 

3:^.4 

13.20 

S.96 

79.0 

88.4 

85. 9 

190.5 

20.7 

3.22 

.29 
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The  following  letter  was  received  in  regard  to  the  analytical  results 

obtained  on  sample  No.  23117: 

Oakland,  Cal.,  April  2S,  2 90S. 
In  returning  the  accompanying  statement  of  the  chemical  analysis  of  Pala  Grove 
oil  I  would  like  to  make  one  change.    Just  before  receiving  the  pai)er  from  Wash- 
ington I  had  a  test  made  of  this  year's  product  by  F.  M.  Curtis  &  Son,  analytical 
chemists  in  San  Francisco.    They  retumeil  me  the  following: 

Specific  gravity  at  15.5°  C 0. 9147 

Free  fatty  acids  (in  terms  of  oleic) per  cent. .      0. 36 

lodin  number  { Hiibl) 83. 9 

CJotton-seed  oil None. 

You  will  note  the  difference  in  the  percentage  of  free  fatty  acids,  your  aralysis 
calling  for  0.80  per  cent.  I  was  at  a  loss  to  account  for  the  great  difference  until  I 
re<!alled  the  age  of  the  oil  you  had  tested.  The  Justinian  Caire  Company  have  had 
no  oil  of  ours  since  the  1901  crop,  and  when  that  was  put  in  still  had  some  of  the 
1900  crop  on  hand,  so  that  what  you  l)ought  from  them  was  at  least  2  years  old. 
Thanking  you  for  your  courtesy,  I  am,  very  respectfully, 

CaBRTE  ClTTLER  McLeNKGAN. 

Pala  Olive  Grove,  tSan  Jose,  (kil. 

Tables  XLIV  and  XLV  give  the  description  of  the  commercial 
French  oils  and  the  results  obtained  thereon.  Tables  XL VI  and 
XL VII  give  the  same  data  for  commercial  Italian  oils.  Like  the 
Italian  oils  of  known  purity,  the  commercial  French  and  Italian  oils 
have  a  lower  iodin  value,  a  higher  percentage  of  solid  fatty  acids,  and 
the  fatty  acids  have  a  higher  melting  point  than  the  California  oils. 

Table  XLIV. — Description  of  commercial  Prench  olive  oils  not  found  adulterated. 


Serial 
No. 


7049 
20M3 

20965 
20956 
20967 
21008 
21063 
21071 
21072 
21112 

21897 

21398 


21399 
21870 


21871 


21872 
21873 


Source. 


I  Cnpac- 
I  ityof 
'  recep- 
tacle. 


Cobb,  Bates.  Yerxa  <fc 
Co.,  Boston,  MaHH. 

Appraiser'^  office,  , 
Port  of  Philadel- 
phia. 

A.M.&J.Solari.New 
Orleans,  La. 

do 


Ounrea. 


.do. 


I 


7.f. 
19.6 


J.  A.  Koohl.  New  Or- 

Orleans.  La. 
J.  G.  Swarbuck,  New 

Orleans,  La. 
S.  W.  Clark  &  Son, 

New  Orleans,  La. 
do 


Appraiser's  office. 
Port  of  Philadel- 
phia. 


.do. 


1«.6 
9.12 


20.0 


Price. 


Price 

of  10 

ounces, 


LalM?l. 


DoUar».  Dollars. 


0.6.5 

.45  , 

I 
.40 

.65 

.40 


0.37 

.2:^ 

.20 
.35 
.44 
.32 
.32 


.do. 


.do. 


Appraiser's  office, 
Port  of  New  York. 
...do 


.do. 
.do. 


16.9 
17.2 


Huile  d'Olivc  VIerge,  d'Aix,  Dupont  &  Cie., 

Bordeaux,  France. 
Vidheau  ct  Cle.,  Bordeaux. 


Huile  d'Olive  Vierge,  J.  L.  Diiret  it  Co.,  Bor- 
deaux, France. 

Huile  d'Olive  Surfine,  Adolphe  Puget,  Mar- 
seille. 

Huile  d'Olive,  Superfine  Raffin<^e,  Jiimcs 
Plagniol,  Marseille. 

v.  S.  O.  Huile  d'Olive,  Extra  Superfine,  J.  de 
Brie  &  Co.,  Bordeaux,  France. 

Huile  d'Olive  Vierge,  9  oz.  Quality  Supd- 
rieure,  Larronde  Frt^res,  Bordeaux,  France. 

Huile  d'Olive,  Extra  Surfine,  Talbot  Frt^res, 
Bordeaux,  France. 

Nicelle  Olive  Oil,  Seville  Packing  Co..  New 
York.    Made  in  Nice,  France. 

Huile  d'Olive,  Superfine,  A.  de  Luzc  &  Flls, 
Bordeaux. 

Huile   d'Olive,    Superfine   Extra.     Packed 

expresi  'y  for  I.  J.  Miller,  2l8t  and  Bmndy- 

winestidets,  Philadelphia.  Pa. 
Huile   d'Olive,   Extra  Surfine,    Bordeaux. 

Bottled   for  Newton.   Robertson   &   Co., 

HnrtfDrd,  Conn. 
Huile  d'Olive,  Gameau  FrOrcs,  Bordeaux. 
Huile  d'Olive,  Superfine  Clarifi^e,  Barton  & 

Guestier,  Bordeaux. 
Huile  d'Olive  Vierge,  Quality  extra  hu\)6- 

rieure,  Beaumarchand  Fils,  Bordeaux. 


.1 
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Tablr  XLIV. — Description  of  commercial  French  olive  oils  not  found  aduUerated — CVd. 


Serial 
N«». 


21874 
2187ft 


Source. 


Appraiser's  office. 

Port  of  New  Yorlt. 

....do 


21876    do. 


21877 

21878 
21879 
21880 
21881 

21882 

21883 
21884 
21885 
2188G 


.do. 

.do. 
.do. 
•do. 
.do. 

.do. 

.do. 
.do. 
.do. 
.do. 

21887  ! do. 

21888  1 do. 

21889    do. 

21890  ' do. 

21891  j do. 

21892  I do. 

21893   do. 


21894    do 

22906     Faxon,    Williams    & 
Faxon,  Buffalo,  N ,  Y. 

22913  John  A.  Seel,  Roches- 

ter, N.  Y. 

22914    do 

22918  E.   C.  Cochrane  Co., 

Buffalo,  N.  Y. 

22919    do 

22920  Dingens   Bros.,  Buf- 

falo, N.  Y. 
23066     S.  8.  merce,  Boston, 

>      Mass. 
23071  I  Cobb,  Aldrich  &  Co., 

Boston.  Mass. 
23088     R.  N.  Nesbit  Co. ,  New 

Haven.  Conn. 
23092     E.   E.  Nichols,   New 

I      Haven,  Conn. 
23103     M.  D.  Myer.San  Fran- 

}      cIhco,  Cal. 
23105  '  Coldberg,  Bowen   & 
Co..  San  Francisco, 
;      Cal. 

23110  A.    Licbmann,     San 
.      FrancLsco,  Cal. 

23111  '  Bctjo,     Newman     & 

I  kenberg.San  Fran- 
cisco, Cal. 

23128  L.    Stumpf    Grocery 

(^o.,  St.Tx)ui8.  Mo. 

23129  Connor,   Eagan    Co., 

St.  Louis,  Mo. 
23133     IT.  L.  Eppling,  Chi- 
cago, 111. 

2313ft  ;  S.G.Anable,  Chicago, 

I      111. 
23136     Whiteman  &  Co.,  Chi- 
cago. 111. 

23138  Hamelsfaler,        CUii- 

cago,  111. 

23139  C.  Jcvne  &  Co.,  Chi- 

cago, 111. 

23140   do 

I 

23141    do 

23083  j  Gilbert  &  Thompson. 

New  Haven,  ('onn. 


Capac- 
ity of 
recep- 
tacle. 


Ounces. 


23.3 
17.2 
16.9 


17.6 
18.  ft 


Price. 


Dollars. 


16.9 


17.9 
22.0 


8.7 
30.4 


32.1 
8.7 
16.9 
16.9 
15.2 
18.9 

2:^.0 

IS.  6 

23.6 
17.9 
20.6 

20.3 
21.3  I 

16.2  I 
19.2 

21.3  I 

24.3 
31.4 


0.70 
.68 


.40 
.75 


1.25 
.35 
.70 
.80 
.75 
.65 

.70 
.75 

.95 

.80 
.75 

1.00 
.90 
.85 

1.00 

.75 

.75 
1.40 


Price 

of  10 

ounces. 


DoUara. 


Label. 


.31 


.49  , 


.40 

.41  j 

.47 

.49 

I 
.'M  ' 

.30 
.40 

.40 
.44 

.:«} 

.49 
.40 
.52 
.52 


Nice, 


Huile   d'Olivc,   Joseph    Maymrgue 

France. 
Huile  d'Olivc,  Superfine  Clarifi<k\  Roulan 

Fr^res,  Bordeaux. 
Huile   d'Olive,  Quality   Sup^rieure,    F.  P. 

Garrettson  &  Co.,  New  York  City. 


Huile   d'Olive  Vierge,   Extra,  James   Pla- 

gniol,  France. 
Sublime    Olive   Oil.     Imported    bv  W.  P. 

Allen,  Philadelphia,  Pa. 


Huile  d'Olive,  Boutelleau  FIls. 
France. 


Made  in 


Huile   d'Olive,  Superfine.  Jules  Oaston  A 
Cie..  Bordeaux. 


0.39  '  Huile  d'Olive  Vierge  bottled  in  Bordeaux, 
for  Faxon.  Williams  &  Faxon. 

Pure  Olive  Oil  packed  in  Bordeaux  for  J.  A. 
Seel. 

Huile  d'Olive,  Barton  &  Guestier,  Bordeaux. 

Vieiige  Extra  Huile  d'Olive,  E.  C.  Coch- 
rane Co. 

Huile  d'Olive,  Brandenburg  Fr^res,  Bor- 
deaux. 

Huile  d'Olive  Vierge,  J.  E.  Blanc,  Maiv 
seille. 

Huile  d'Olive  Vierge,  V'-  CJhuffard,  Jardin 
de  la  France. 

Huile  d'Olive  de  Nice.  J.  P.  Fourchd,  Nice. 


Huile  d'Olive,   A.  Fontenelle   Fils  &  Cie., 

Grasse. 
Huile  d'Olive    I^asclle,  (^hapnelle    &  Cie.» 

Aix. 
Huile  d'Olive,  Dc  Possel  Fils,  Marseille. 

Iluile  d'Olivc  Vierge,  )K>ttle<l  in  Bordeaux. 


Choicest  ImporU»d  Olive  Oil.  bottlwi  by  A. 
Liebmann. 

Huile  d'Olive  Vierge.  Alphon.ne  Billet,  Bor- 
deaux. 

Huile  d'Olive  Vierge  de  Provence,   L.  A. 

Price,  Bordeaux. 
Huile  d'Olive,  J.  Mottet  &  Cie.,  Grasse. 

Club  House  Brand.  Virgin  Olive  Oil,  Grasse. 

Imported  by  Franklin  MacVeagh  &  Co., 

Chicago. 
Huile  d'Olive  Vierge,  Alexis  G<Klillot  Jeune. 


Huile  d'Olive,  Sui)^rienre,  Dumouron  &  Cie., 
(trasse. 

Huile  d'Olive  Vierge,  Alphonse  PInard,  Bor- 
deaux. 

Huile  d'Olive,  St.  Benedictus.  Imported 
specially  for  Christian  Jevne  &  Co.,  Chi- 

CilgO. 

.  35     Huile  d'Olive,  Soci4t6  Hygi6nique  Ailmen- 

j      taire. 
.  JJO     Imports  sp^'cialeraent  par  C.  Jevne  &  Co. 
.44  I  Club  Brand.  Virgin  Salad  Oil.    Imported  by 
(f.  F.  Heublein  A  Bro.,  Hartford,  Cmn. 
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Table  XLV. — Analyses  of  commercial  samples  of  French  olive  ails  not  found  adulterated. 


^ 

6  . 

¥ 

i»   . 

lodin  number:    fl 

a  . 

1 

2 

i 

1^ 

Is 
li 

1 

0 

S 

of  liquid  fat- 
ty acids. 

0 

h 
¥ 

if 
II 

^ 

o6 

11 

5-5 

F 

°c. 

Perct 

Prrct, 

7049.... 

0.9188 
.91«0 

67.6 
68.1 

1.4707 
1.4711 

85.0 
80.8 

20943.... 

48.2 

96.6 

91.5 

195.2 

30.2 

1.82 

20956.... 

.9157 

68.2 

1.4711 

42.0 

98.2 

79.8 

90.6 

193.4 

26.2 

1.32 

20956.... 

.9165 

67.4 

1.4707 

46.2 

100.8 

83.0 

97.4 

192.6 

30.6 

1.56 

20957.... 

.9173 

67.9 

1.4709 

48.8 

108.4 

81.4 

98.3 

198.2 

27.8 

12.69 

1.02 

21003.... 

.91M 

68.0 

1.4710 

41.8 

92.8 

79.8 

91.5 

192.7 

26.2 

1.82 

21068  .... 

67.4 
67.8 
67.6 
67.8 
67.8 

1.4707 
1.4709 
1.4707 
1.4709 
1.4706 

40.7 
43.6 
42.0 
47.2 
42.0 

90.4 
96.9 
98.3 
104.9 
93.2 

80.6 
79.0 
80.9 
81.2 
81.3 

95.5 

92.2  '  192.3 

'26.2 
26.0 
26.2 
30.6 
25.0 

8.2i 
'8.'74' 

"io.H* 

2.62 

21071  .... 

.9161 

194.1 

1.91 

21072 .... 

89.5 
90.0 
98.2 

88.1 
■*95.'i' 

192.3 
193.5 
192.8 

.76 

21112 

1.56 

21397.... 

.9163 

1.52 

21398.... 

.9167 

67.0 

1.4704 

43.8 

97.8 

80.8 

94.1 

98.5 

193.1 

29.4 

18.56 

1.20 

21399.... 

.9169 

67.6 

1.4707 

48.8 

97.3 

81.4 

93.9 

97.7 

193.0 

25.8 

12.20 

2.16 

21870.... 

.9164 

07. 6 

1.4707 

45.2 

100.3 

80.7 

91.2 

192.8 

29.0 

2.29 

21871.... 

.9163 

68.0 

1.4710 

43.8 

97.3 

79.6 

91.6 

94.7 

194.4 

11.62 

8.68 

21872.... 

.9165 

67.8 

1.4706 

43.0 

95.5 

79.9 

98.2 

93.8 

192.6 

27.0 

10.44 

.92 

21873.... 

.9167 

68.0 

1.4710 

46.5 

108.3 

81.8 

99.4 

97.8 

193.6 

27.0 

11.94 

.66 

21874.... 

.9166 

67.6 

1.4708 

47.2 

104.9 

82.9 

94.6 

195.0 

28.2 

1.55 

21875.... 

.9168 

67.8 

1.4709 

44.4 

98.6 

81.4 

92.6 

93.9 

191.6 

26.7 

8.92 

.96 

21876.... 

.9168 

67.5 

1.4707 

44.4 

98.6 

79.7 

94.9 

96.0 

192.8 

12.60 

2.76 

21877.... 

.9166 

68.1 

1.4711 

44.6 

99.1 

80.0 

96.0 

194.8 

29.4 

2.00 

21878.... 

.9166 

67.8 

1.4709 

46.0 

100.0 

79.0 

97.4 

195.3 

28.0 

14.46 

2.89 

21879 . . 

68.0 
68.5 

1.4711 
1.4713 

47.6 
47.4 

105.8 
105.3 

84.2 
83.1 

100.0 
98.4 

97.6 
100.0 

192.6 
193.5 

28.4 
27.0 

9.26 
12.88 

1.55 

21880.... 

.9i72 

.46 

21881.... 

.9165 

68.0 

1.4710 

41.4 

92.0 

80.1 

96.3 

194.5 

28.2 

12.36 

.71 

21882.... 

.9174 

68.0 

1.4710 

47.4 

106.3 

80.8 

92.7 

99.7 

194.0 

30.4 

14.45 

.90 

21883.... 

.9167 

•     68.2 

1.4711 

47.4 

106.3 

83.8 

99.7 

192.1 

25.2 

11.66 

.52 

21884.... 

.9170 

68.1 

1.4710 

42.4 

94.2 

83.7 

93.1 

93.8     193.5 

27.2 

6.83 

1.76 

21885 .... 

68.2 
67.8 

1.4711 
1.4709 

44.4 

42.8 

98.6 
95.1 

80.2 
80.9 

95.7 

95.7  '  193.6 
94.1     194.2 

28.0 
27.2 

11.98 
9.58 

.66 

21886.... 

.9165 

.89 

21887.... 

.9153 

67.6 

1.4707 

45.6 

101.1 

81.2 

92. 6     192. 1 

28.8 

7.89 

1.34 

21888.... 

.9173 

67.5 

1.4707 

42.4 

94.2 

80.1 

98.1      194.3 

24.6 

13.95 

1.09 

21889.... 

.9163 

67.7 

1.4707 

42.1 

93.5 

80.8 

96.0 

94.3 

196.3 

26.7 

9.92 

.47 

21890.... 

68.0 
67.8 
68.0 

1.4711 
1.4709 
1.4710 

44.0 
43.7 
40.7 

97.8 
97.1 
90.4 

82.8 
82.6 
79.8 

93.7 
93.2 
91.3 

94.3 
94.6 

193.6 
192.7 
195.1 

26.9 
27.4 
28.0 

7.78 
8.34 

.89 

21891  .... 

.84 

21892.... 

.9163 

2.14 

21893.... 

.9163 

67.6 

1.4707 

41.4 

92.0 

81.6 

9i.i 

191.7 

28.7 

6.17 

.48 

21894  .... 

67.6 
68.7 
67.2 
07.3 
67.8 
68.0 

1.4707 
1.4709 
1.4704 
1.47ft5 
1.4709 
1.4711 

42.6 
42.2 
42.8 
46.6 
42.4 
42.5 

94.6 
93.7 
96.5 
101.1 
94.2 
94.4 

81.1 
80.9 
80.2 
83.6 
SO.  9 
81.9 

194.2 
193.5 
193.2 
193.1 
191.2 
193.6 

24.7 
24.2 
25.2 
27.6 
26.8 
27.2 

6.11 
"9.66' 

8.44 

22908 

"96.6" 

91.2 
89.7 

3.18 

22913 .... 

1.88 

22914 .... 

.9153 
.9152 
.9167 

2.68 

22918.... 

2.28 

22919.... 

93.1 

94.6 

1.98 

22920.... 

.9167 

66.4 

1.4699 

51. 5 

114.4 

83.6 

92.1 

191.7 

27.2 

1.82 

23066.... 

.9161 

67.2 

1.4705 

48.8 

108.4 

82. 5 

94.8 

192.6 

25.0 

8.56 

1.06 

23071.... 

.9170 

67.1 

1.4706 

47.2 

104.9 

80.6 

91.1 

191.7 

27.5 

7.11 

2.98 

23088.... 

.9167 

67.6 

1.4708 

44.0 

97.8 

80.6 

89.5 

192.8 

25.0 

5.53 

1.73 

28092.... 

.9177 

67.4     1.4706  1 

51.4 

114.2 

80.5 

96.2 

194.2 

30.0 

15.95 

1.07 

23108.... 

.9196 

67.4 

1.4706 

47.6 

ia5.M 

82.5 

91.1 

97.9 

193.0 

29.6 

11.37 

2.06 

23105.... 

.9168 

67.8 

1.4708 

48.2 

107.1 

80.8 

93.4 

94.2 

191.3 

28.6 

9.87 

1.38 

23110.... 

.9168 

67.7 

1.4709. 

49.4 

109.7 

84.2 

101.8 

198.0 

30.8 

12.81 

1.66 

23111.... 

.9173 

67.8 

i.47as 

60.0 

111.1 

80.4  ' 

94.7 

97.3 

198.1 

29.4 

12.90 

.81 

23128.... 

.9166 

67.6 

1.4707 

48.2 

107.1 

81.4  I 

92.8 

93.5 

192.2 

27.2 

8.50 

1.62 

23129.... 

.9160 

67.8  '  1.4709 

46.0 

102.2 

82.2  1 

92.8 

192.1 

29.0 

6.99 

.95 

28183.... 

.9177 

67.6  ■-  1.4707 

44.0 

97.8 

80.5  > 

89.1 

190.5 

23.8 

5.25 

.90 

23135.... 

.9170 

67.7     1.4708 

46.0 

102.4 

81.0  1 

96.7 

191.5 

28.0 

10.90 

,99 

28136.... 

.9158 

67.2     1.4705 

46.4 

100.8 

79.4 

91.3 

192.3 

27.8 

8.59 

2.27 

28138.... 

.9150 
.9165 

67.6     1.4707 
67.6     1.4707 

45.4 
49.5 

100.8 
110.0 

82.2 
81.4 

193.3 
192.0 

26.3 
29.6 

'  'ii."76' 

1  69 

23139.... 

97.9 

97.1 

1.71 

28140.... 

.9164 

67.6     1.4707 

46.5 

103.3 

80.5 

94.7 

93.0 

191.3 

28.1 

8.98 

2.22 

28141...- 

.9172 

67.2 

1.4706 

48.0 

106.6 

80.1 

92.8 

93.7 

191.3 

27.7 

10.00 

3.81 

Av  .. 

.9166 

67.7 

1.4708 

45.1 

100.1 

81.3 

93.7 

94.9 

193.0 

27.3 

9.98 

1.59 

Max. 

.9196 

68.7 

1.4713 

51.5 

114.4 

85.0 

100.0 

101.8 

195.3 

30.8 

16.95 

8.63 

Mill. 

.9150 

66.4 

1.4699 

40.7 

90.4 

79.0 

89.5 

88.1 

190.5 

23.7 

3.74 

.45 
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Tablk  XLVI. — Description  of  Ilalian  olive  oils  not  found  adulterated. 


Serial 
No. 


Source. 


I 


21911. 
22910. 


21895. . 


21908. 
2191ft. 
23082. 


20958. 
21111. 

21199. 

21896. 

21897. 
21898. 
21899. , 
21902. 
21909. 
23068. 

23095^ 

23095. 

23097. 
231U0. 

2310«J. 

28107. 

28113. 

23122. 

23123. 

21900. 

21901. 
219a5. 
21910. 
21912. 
21917.. 
21918. 
22907., 

22911. 

22912. 

22915. 

22921. 

229J2.. 
23094.. 

23104. 

23132. 

23131.. 

23074.. 

23073. 
2190JJ., 


Appraiser's  office. 
Port  of  New  York. 

do 

John  A.  Seel,  KcK'hes- 
ter,  N.  Y. 

AppraiBcr's  office, 
Port  of  New  York. 

do 

do 

Stinto  Capai«o,  New 
Haven,  Conn. 

A.M.«feJ.Solari,New 
Orleans,  La. 

Appraiser's  office. 
Port  of  Philadel- 
phia. 

do 


Capac- 
ity of 
recep- 
tacle. 


Ounces. 


Price. 


Price 

of  10 

ounces. 


Label. 


Dollars.  iDoUars.l 


Bari. 


2.50 


'  Bari. 

0. 19     Olio  d'Oliva  FinLssimo,  Garantlto  Genuino, 
I      A.  NieolinI,  Bari. 


'  Sorrento. 


Appraiser's  office. 
Port  of  New  York. 

....do 

....do 

....do 

....do 

....do , 

8.  S.  Pierce,  Boston, 
Mas8. 

Booth  Meat  Co.,  New 
Haven,  Conn. 

Bronson  &  Piatt  Co.. 
New  Haven,  Conn. 

H.Olson.Oakland.C^il 

A^ard  &  Rusaell,  Oak- 
land, Cal. 

John  Bulotti,  San 
Francisco,  Cal. 

H.  Weeden.  San  Fran- 
cisco. C*il. 

(Joldlwrg,  Bowen  & 
Co.,  San  Franclst'o, 
Cal. 

Mrs.  C.  Goessel,  San 
Francisco.  Cal. 

H.  G lander.  San  Fran- 
cisco. Cal. 

Appraiser's   office. 
Port  of  New  York, 
do 


71.0 
16.2 


1.00 

.55  ' 


I  Naples. 

1  Naples. 

.  14  .  Olio  d'Oliva  Finissimo.  Faicchio  &  S.  Loren- 

zello,  Prov.  di  Benevento. 
.  81  1  Olio  d'Oliva  di  Lucca,  F.  Bertolli. 


j  Olio  d'Oliva  Supraflno,  F.  Bertolli,  Lucca. 


8.4  ' ;  Lucca  Finest  Cream  Salad  Oil,  Warranted 

I  Pure  Olive  Oil.    Smith,  Kline  &  French 

I  '  Co..  Philadelphia. 

I I  Lucca. 

'  I 

Lucca. 

I  Lucca. 

'  Lucca. 

Lucca. 

Lucca. 

.  34  I  Pure  and  Best  Cream  Olive  Oil. 

.40     Cream  Olive  Oil,  Made  in  Leghorn  for  W.A. 

.40 


10.1 
18.6 
8.7 
23.6 

... 

25.4 

13.5  I 

19.9 

I 
21.3 

23.6 


.35 

.75 

.35 

.65 
.85 

.(55 

.50 

.60 

.65 
.60 


do 

do 

do 

do   

do 

.  Faxon,  Williams  & 
I  Fiix(m,Buffalo,N.Y. 
.  John  A.  Seel,  Roches- 
ter, N.  Y. 
.  John  A.  Seel,  Roch- 
ester. N.  Y. 
.    K.M.Buehl.  Buffalo. 

N.  Y. 
.    Dinircns   Brc)n.,  Buf- 
I      falo,  N.  Y. 

do 

.,  B(K)th  Meat  a:).,  New 
I      Haven,  Conn. 
.    L.    M.    Wultfr.    San 
I      Fnmcisco.  Cal. 
.    Schlieswohl  &  Peter- 
son, Chic«pn,  111. 
.,  Geo.  P.  Pi)pf. Chicago, 
I      111. 

.    Conway  Co..  I^tst<m. 
I      Mass.' 

.  The  (} inter  (fn>cery 
Co.,  Boston,  Mas.s. 

..  Appraiser's  office, 
Port  of  New-  York. 


.1- 


19.2  I  .70 
68.1  1.50 
23.6  1.25 
16.9  ; 


10.1 


.♦ys 


I 


12.5  ; 

27.1  ' 
19.0 
IS.  9 

18.6  I 

18.2  I 


('a>«tle,  Springfield,  Mass. 
Huile  d' Olive  Excelsior,  Toscana  Excelsior. 

Jjucca. 

.  27  '  Pure  Lucca  Oil,  Crosse  &  Blackwell,  London. 
.34     Extra  Sublime  Cream  Lucca  Olive  Oil. 

.25     Fine  Lucca  Oil,  Imported  by  John  Bulotti, 

San  Francisco,  Cal 
.  37     The  Beat  Lucca  Olive  Oil,  G.  Fontana  &  Co.. 

San  Francisco.  Cal. 
.  30     Sublime  Lucca  Oil.  Goldberg,  Bowen  &  Co., 
,      San  FrancLsco,  Cal. 

.30     Genuine  Italian  Olive  Oil,  M.  Ricci«&Co., 

Lucca. 
.25     Pure  Lucca  Olive  Oil,  Robert  Baldocchl  & 

Co..  San  Francisco,  Cal. 
IjCghorn. 

Leghorn. 

Leghorn. 

Leghorn. 

Leghorn. 

Leghorn. 

Leghorn. 

Finest  Sublime  Lucca  Olive  Oil,  S.  Rae  & 


.22 


.35 
1.00 

.75 

! 

.75  I 

i 

.60  , 


Co..  IjCghorn. 
Sublime  Italian  Lucca  Olive  Oil,  G.  Bartoni, 
Leghorn. 

.52  The  Routh  Extra  Sublime  Lucca  Olive  Oil, 
H.  L.  Routh  &  Sons. 

I  Extra  Cream  Lucca  Olive  Oil,  D.  G.  Rossetti 

&  Co..  Leghorn. 
.  64  '  Pure  Genuine  Olive  Oil,  Augustus  Achiardi, 
I      Lt^ghorn. 

!  A.Nicolini. 

.  28     Huile  d'Olive  Lucca,  Nicoli  Pitito,  Leghoni 

.36  I  Olio  Soprafino,  Fratelll  Alfonso,  Leghorn 
Lucca. 

. aCi  Finest  Sublime  Lucca  Oil,  S.  Rae  &  Co.,  Leg- 
horn. 

.  39  Extra  Superfine  Italian  Salad  Oil,  Warranted 
Pure  Olive  Oil.  Antonini  &  Co.,  Leghorn. 

.40  '  Olio  d'Oliva  di  Lucca,  Ditta  Ferd,  Nencioni, 
Pisa.  B.  Ferrari  &  Co..  Boston,  sole  im 
porters. 

. :«  I  Pure  Tu.Mcan  Olive  Oil.  William  Lloyd  &  Co 

Leghorn. 
I  (>enoa. 
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Plate  II. 


FiQ.  1.— Label  on  Olive  Oil  Mixed  with  Peanut  Oil.    (See  Pages  5  and  60.) 


»Wy¥«rtW^V«W^'i 


BORDEAUX. 

FRANCE 


HUILE  D  OLIVE 


FiQ.  2.-LABEL  ON  Bottle  of  Cotton-seed  Oil.  (See  Pages  4  and  60.) 
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Table  XLVl.— 'Description  of  Italian  olive  oiU  not  found  adulterated — Continued. 


Serial 
No. 


-I- 


21904. 

21913- 
21916. 
21919. 
23119. 

22909. 

23067. 

23064. 

23187. 

21029. 

21914. 


Appraiser'H  office, 
Port  of  New  York. 

do 

cU> 

do 

.  Smith  Ca.sh  Store.  San 
Francisco.  Cal. 

.  A.  Z.  Giannelli,  Buf- 
falo. N.  Y. 

.  S.  8.  Pierce,  Boston, 
Mass. 

.  E.  E.  Hall ASons,New 
Haven,  Conn. 

.  V.Kaufman.Chica^. 
111. 

.  Popovich  &  Abramo- 
vlch.  New  Orleans, 
La. 

.|  Appraiser's  office, 
Port  of  New  York. 


Capac- 
ity of 
recep- 
tacle. 


Price. 


Ounces.  DoUars. 


17.1 
W.4 
21.9 
30.4 


128.0 


.60 
1.00 
.66 
.90 
.7.5 
1.90 


I 


Price 

of  10 

ounces. 


JJoUars. 


Label. 


(lenoa. 

Oenoa. 
Genoa. 
Genoa. 


.35    Olio  Verod'Oliva  Pio  Moro  fu  Comigliano, 

Liguria. 
.32  I  Pure  Olive  Oil,  A.  Z.  Giannelli,  Casciana 

d'Monsagrati. 
.30  1  Pure  Olive  Oil,  Italy,  S.  S.  Pierce  &  Co..  Boe- 

I      ton,  Mass. 
.29  ,  Italian  Olive  Oil,  Edw.  E.  Hall  &  Son,  New 

Haven,  Conn. 
Collinfiore  Royal  Table  Olive  Oil,  Italy. 

.  1ft  I  Giov.  di  C^la.  Termini,  Sicily. 


Messina. 


Table  XLVII. — Analyse}^  ofannmercial  mmplex  of  Italian  olire  oils  not  found  aduUeraied, 


Serial 
No. 


Bulyro- 

»^tift.5°^.,j;j[,,g 

*  •       at  15.5° 
C. 


Degrees!. 
67.7 
67.2 
67.0 
67.1 
67.8 


21907.... 

0.9171 

21911.... 

9162 

22910.... 

.9165 

21895.... 

.9167 

21908  

21915.... 

.9134 

23082.... 

.9161  1 

20958.... 

.9159 

21111.... 

.9163 

21199 

21896 . 

21897.... 

.9159 

21898.... 

.9167 

21899.... 

.9163 

21902.... 

.91&1 

21909  

28068.... 

.9166  i 

23093.... 

.9161 

23095.... 

.9166 

23097.... 

.9153  , 

28100  .... 

.9168  1 

23106  .... 

.9166  > 

23107.... 

.9152 

23113.... 

.9155 

23122.... 

.  9167 

23123.... 

.9166 

21900 

21901 

21905  .... 

21910.... 

.9166 

21912.... 

.9173 

21917  

21918.... 

.9162 

22907.... 

.9157 

22911.... 

.9155 

22912.... 

.9163 

22915.... 

.9157 

22921.... 

22922.... 

.9170 

23094.... 

.9169 

28104.... 

.9166 

23132.... 

.9163 

23134.... 

.9159 

67.4 

67.5 

67.4 

67.5 

67.6  , 

67.2  I 

67.8 

67.3 

67.9 

67.2 

67.9 

67.2 

68.3 

67.1 

67.1 

67.2 

67.1 

67.0 

67.3 

67.6 

67.5 

67.2 

67.8 

67.3 

67.5 

67.4 

67.8 

66.7 

67.5 

67.4 

66.9 

67.1 

67.6 

67.6 

67.6 

67.3 

67.5 


Index 
of  re- 
frac- 
tion at 
15.5°  C. 


L4708 
1.47(M 
1.4701 
L4703 
1.4709 
1.4698 
1.4706 
1.4707 
1.4707 
1.4707 
1.4708 
1.4705 
1.4709 
l.47ft5 
1.4710 
1.4704 
1.47a'> 
1.4705 
1.4712 
1.4705 
1.47a5 
1.4705 
1.4704 
1.4704 
1.4706 
1.4708 
1.4706 
1.4704 
1.4709 
1.47a5 
1.4706 
1.4705 
1.4709 
1.4701 
1.4707 
1.4706 
1.4702 
1.4704 
1.4708 
1.4708 
1.4708 
1.4706 
1.4707 


1^ 


42.1 
41.9 
47.0 
42.0 
42.2 
47.6 
47.7 
40.0 
42.0 
41.4 
44.0 
40.6 
46.0 
42.6 
42.7 
4L4 
45.0 
48.8 
48.5 
43.5 
48.2 
45.4 
46.8 
45.0 
47.7 
44.0 
41.2 
41.4 
41.2 
39.8 
44.0 
42.6 
42.4 
45.0 
43.6 
43.0 
45.0 
43.0 
46.0 
45.9 
46.0 
44.0 
44.5 


1,2 


93.6 
98.1 
104.4 
93.3 
93.7 
105.8 
106.0 
88.9 
93.4 
92.0 
97.7 
90.0 
102.0 
94.6 
94.8 
92.0 
100.0 
108.4 
107  7 
96.6 
107.1 
100.9 
101. 0 
100.0 
106.0 
97.6 
91.5 
92.0 
9L5 
88.4 
97.8 
94.6 
94.2 
100.0 
96.9 
95.5 
100.0 
95.5 
102.2 
102.0 
102.2 
97.6 
98.8 


a 


,  lodin  num- 
ber of  liauid 
I   fatty  acids. 


^1 

H 

as  « 

QS 

o-  ' 

93.7 

97.5 

98.1 

91.9 

90.6 

94.8 

91.2 

91.0 

94.1 

89.6 

92.5 

fatty   \JaaJ^ 
acuis.  I  ^^j^j^^ 


Perct. 
2.22 
4.66 
4.61 
2.72 
8.18 
15.25 
4.40 
L69 
1.06 
1.63 
1.18 

.78 
1.83 
2.16 
3.32 
1.75 
2.63 
1.07 

.93 
1.51 
4.28 
1.29 
8.17 
2.88 
8.09 
1.29 
L74 
1.76 
2.12 
1.61 
2.90 
1.98 
2.28 
LOO 
L81 
L26 
L74 
2. 15 
3.89 
1.66 
1.16 

.90 

.98 


Digitized  by 


Google 


58 


OLIVE   OIL   AND   ITS    SUBSTITUTES. 


Table  XL VII. — Analyses  of  commercial  samples  of  Italian  olive  oils  tiotfwmd  adulter' 

died — Continued. 


Specific 

Serial 

gravity 
ftt  15.5^ 

No. 

C. 

23074.... 

.9165 

23073.... 

.9175 

21903.... 

.9150 

21901 . . . . 

.  9162 

21913.... 

.9163 

21916.... 

.9179 

21919.... 

.9157 

23119.... 

.9156 

22909.... 

.9154 

23067.... 

.9159 

23084.... 

.9165 

23137.... 

.9154 

21029  

21914.... 

.9153 

Av.. 

.9161 

Max. 

.9179 

Min. 

.9134 

Butyro- 
refrac- 
U)me- 

ter 

reading 

at  15.5^ 

C. 


Degree*. 
66.8 
67.1 
67.3 
67.8 
67.2 
67.6 
68.0 
66.9 
66.8 
66.9 
67.4 
68.0 
66.3 
67.3 


67.3 
68.3 
66.2 


Index 
of  re- 
frac- 
tion at 
16.6°  C. 


1.4701 
1.4705 
1.4705 
1.4709 
1.4704 
1.4707 
1.4711 
1.47a? 
1.4701 
1.4702 
1.4706 
1.4710 
1.4699 
1.4705 


1.4706 
1.4712 
1.4698 


I 

S 


45. 9 

41.4 

41.4 

44. 2 

42.8  I 

44.7  , 

42.5  ! 

47.5 

44.0 

44.4 

48.4 

44.2 

40.8 

45.5 


?2 


102.0 
92.0 
92.0 
98.2 
95.1 
99.3 
94.4 

105.5 
97.8 
98.6 

107.5 
98.2 
90.7 

101.1 


44.0  97.8 
48.8  108.4 
39. 8       88. 4 


S 


81.2 
78.5 
80.6 
81.6 
80.2 
81.5 
84.5 
82.6 
82.7 
80.8 
83.3 
82.5 
77.5 
83.6 


lodin  num-  | 
ber  of  liquid 
fatty  acids.  ; 


91.9 


90.6 
92.7 
99.7 
93.3 


91.9 
94.5 


80.9  I  92.4 
84.5  99.7 
77.5       90.0 


88.4 
90.0 
95.1 
94.8 
95.2 
98.5 
100.2 

90.' 8' 
92.8 
94.4 
90.5 
91.9 


8.^ 


191.6 
191.9 
192.5 
192.4 
193.2 
194.6 
193.6 
193.5 
192.7 
192.1 
192.6 
193.7 
190.9 
193.1 


92.61  i  192.6 
100.2  ,  196.6 
88.0     190.1 


Melt- 
ing 
point 
of  fatty 
acids. 


°C.     ■ 
24.4  , 
21.0 
29.4 
29.4 
25.2 
30.4  I 
27.2 
28.0  , 
26.0  I 
25.6  I 
25.0  ! 
24.2  I 
26.2  , 
80.4 


Solid 
fatty 
acids. 


Perct. 
8.70 
8.52 
10.74 
9.47 
11.26 
12.68 
11.21 

"4.57' 
8.50 
7.88 
4.40 

11.22 


26.6 
30.4 
21.0 


8.35 
13.42 
3.70 


Freo 

fatty 

acidM  II- 

oleic. 


Perd, 
2.46 
1.22 
8.87 
1.59 
1.83 
2.09 
1.98 
5.80 
2.27 
2.63 
.72 
1.60 
3.61 
2.58 


2.42 

15.25 

.72 


Tables  XLVIII  and  XLIX  give  the  data  obtained  upon  the  samples 
of  commercial  oils  found  to  be  adulterated.  The  samples  containing 
peanut  oil  all  bore  French  labels  and  those  containing  sesame  oil  Italian 
labels.  Two  California  oils  contained  cotton-seed  oil.  In  all  of  the 
above  cases  the  oils  were  represented  to  be  pure  olive  oil  and  in  most 
cases  were  guaranteed  pure  and  of  special  grade.  One  of  the  most 
striking  faints  brought  out  by  this  examination  of  imported  oils  received 
from  the  customs  officers,  and  therefore,  known  to  be  imported,  was 
that  none  of  them  was  adulterated  with  cotton-seed  oil. 

T.\BLK  XLVIII. — Denrriptifm  of  adiUtertUed  olive  oiU. 


Serial. 
No. 


21027.. 
210:il.. 


21110. 


21113. 


21395. 
21396. 


21906. 
22924. 


22925... 
28070... 


Sounv. 


A.  L.  Bilhler,  New 
Orleans.  La. 

PopoYieh  and  Abram- 
ovich,  New  Orleans, 
La. 

Appraiser's  ofBce. 
port  of  Philadel- 
phia. 

do 


Capac- 
ity of 
recep- 
tacle. 


Ouncfs. 


.do. 
.do. 


Prict«. 


DoUarif. 
0.10 


.90 


Price 

of  10 

ounces. 


Ihiiltir*. 
0.13 


do 

Dingens   Bros.,  Buf- 
falo, N.  Y, 
do 


67.0 
120.1  ' 


Rice  Bros., West  New-  ■. 
ton,  Mass.  I 


1.40 

2.25 

.35 


I^bel. 


Huile   d'Olive  Vlerge.     K.  Loubon.    Nice, 

France. 
Olio  d'Oliva.    Egisto  Dini,  Lucca,  Italy. 


Addisoni  Fils,  Masina, 


Sublime  Olive  Oil. 
Italy. 

Huile  d'Olire,  Extra  Surflne.    Jules  Cham- 

bon  &  Cie.,  Bordeaux,  France.    Imported 

by  Chas.  W.  Longaker,  Pottstown. 
Huile  d'Olive.    P.  M.  Loubric,  Bordeaux, 

France.    Packed  for  I.  K.  Bean. 
Huile  d'Olive.    P.  M.  Loubric.  Bordeaux, 

France.    Imported  f or  J .  M .  Oil  ver  &  Sons. 
Lucca,  Italy. 
OlioSoprafnno.  UmbertoAlbertini,Livomo, 

Italy. 
Olio  Puro  d'Oliva.    Kestivo  &.  Co.,  Lucca, 

(Tu.scana),  Italy. 
Huile  d'Olive.  Vlerge.    Silas  Peirce  &  Co.. 

Bordeaux,  France. 
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Tabi^  XLVIIT. — Description  of  (iduUeraiM  olire  olbt — OontiniicHl. 


Serial 
No. 

Source. 

Capac- 
ity of 
recep- 
taclc. 

Price. 

Price 

of  10 

ounces. 

(htiicfs. 

Dollars, 

IkMartt. 

23a?2... 

Cobb,  Bates,  YerxaA 
Co.,  Boston,  Mafi8.« 

16 

0.56 

0,'^ 

23086... 

E.E.  Hall  <&  Bon,  New 
Haven,  Conn. 

11.5 

.59 

.51 

28086... 

.....do 

11.5 

.45 

.39 

23087... 

S.  Francificonl,  New 
Haven,  Conn. 

34.1 

.50 

.14 

23090... 

G.  Savarese,  New  Ha- 
ven, Conn. 

29.7 

.50 

.15 

28096... 

D.  M.  Welch  &  Son, 
New  Haven,  Conn. 

H.7 

.30 

.34 

23108... 

F.  W.  Ruehers  &  C-o., 
San  Francisico.  Cul. 

IK.  6 

.50 

.26 

23120. . . 

H.C.Katterhom,8an 
Francisco,  Cal. 

'2ft.  3 

.65 

.  25 

23121... 

8.  Scatena,  San  Fran- 
cisco. Cal. 

24.3 

.50 

.2t) 

23131... 

Luyties  Bros.,    St. 
Louis,  Mo. 

.25 



23089... 

D.  Dove.  New  Haven, 
Conn.ft 

1.1 

.10 

.•25 

21080... 

Popovlch  &  Abramo- 
vich,  New  Orleans, 
La. 

1.00 

22916... 

Boston  Store.  Buffalo. 
N.  Y. 

11.1 

.12 

.18 

22917... 

do 

.43 

23098... 

Rowland  &  Co.,  Oak- 
land, Cal.f 

20.2 

.60 

.30 

28102... 

W.  P.  Wheeler,  Oak- 

24.7 

.65 

.26 

land,  Cal.<^ 

I^bel. 


Huile  d'Olive  Vicrgrc,  d'Aix.     Dupont  & 

Cie.,  Bordeaux,  France. 
Huile  d'Olive,  Extra  Viersre.    Naejrely   & 

Pasero,  Marseille,  France. 
Huiled'Olive.Vierge, d'Aix.   Alex.  Eyquem, 

Bordeaux,  Franco. 
Olio  d'Oliva.    Lulgi  di  Cos  Mattcucci.  Lucca, 

Italy. 
Olio  d'Oliva.  Soprafflno.    F.  Berio  &  Co., 

Lucca,  Tuscana,  Italy. 
Huile  d'Olive,  Extra  Surflne.    Tisserand  & 

Fils,  Bordeaux,  France. 
Olio  d'Oliva.  Sopraffino.    (taetano  GiurlanI, 

Lucca,  Italy. 
Olio  d'Oliva  Vergine.    Do  Martini  E  Cla., 

Riviera  di  Genova,  Italy. 
Olio  Vergine  Purissimo.  Garantito  di  Lucca. 

S.  Scatena  &  Co. 
Huile   d'Olive,  Clarif<5e.     Martinot  Frt^res, 

Bordeaux,  Franc-e. 
Huile  Salad.    Giaconio  Luigi.  Novo  Orleons, 

-\mericano. 
T.  A.  Fueich  &  Son,  Lussinpiccolo,  Austria. 


Huile  d'Olive.  Fr6ros  &  Du  Peaux,  Bor- 
deaux, France. 

Superior  in  Quality,  Purity,  and  Flavor  to 
any  Olive  Oil  in  the  market.  Dove  Pure 
Oil  Co. 

Olive  Oil.  El  Montecito  ManTg.  Co.,  El 
Montccito,  Cal. 

*'  Ramona  "  Pure  Olive  Oil.  W.  P.  Wheeler, 
Oakland,  (^al. 


a  On  being  notified  that  this  oil  contained  peanut  oil,  Cobb,  Bates  &  Yerxa  replied.  "We  wish 
to  say  to  you  that  we  buy  the  Dupont  oil  to  be  not  only  pure  olive  oil  but  the  best  U)  be  had."  A 
second  sample  of  adlfTerent  shipment,  secured  by  our  representative  from  ('obb,  Bat(>s<&  Yerxa 
without  their  knowledge,  was  found  to  be  pure.    For  analysis  of  pure  sample.  No.  7049,  see  page  55. 

bA  letter  addressed  to  Giacomo  Luigi,  New  Orleans,  La.,  was  returned  unopened. 

<?See  correspondence  given  below. 

The  following  letters  were  received  in  regard  to  the  two  brands  of 
California  oil  found  to  be  adulterated.  The  second  letter  needs  no 
comment,  but  the  first  brings  out  a  very  important  fact,  namely,  the 
use  or  misuse  of  labels  of  well-know^n  brands  to  cover  gross  adultera- 
tions. 

MoNTBC'iTo,  Cal.,  May  7,  190.'S. 
Yours  of  14th  ultimo,  with  analyflin  of  **  El  Montetnto  Manufacturing  Coni|>any's 
Olive  Oil,*^  at  hand. 

In  reply,  I  beg  to  state  that  the  above  company  was  organized  in  1893  to  make  a 
really  pure  olive  oil,  and  it  never  put  out  or  sold  a  drop  of  any  but  pure  olive  oil. 

The  making  of  oil  was  discontinued  in  1896  and  the  last  of  the  stock  on  hand  was 
sold  in  August,  1899,  to  Haas  Brothers,  of  San  Francisco,  some  1,400  bottles.  The 
machinery  was  sold  last  year,  and  the  fine  stone  building  costing  nearly  |7,000  is  for 
sale.  Pure  olive  oil  could  not  be  sold  in  competition  with  adulterated  spurious  oils, 
and  as  the  parties  interested  in  this  company  would  not  resort  to  such  methods,  the 
cobipany  simply  went  out  of  business.  The  company  never  sold  any  oil  to  Rowland 
&  CJo.,  of  Oakland. 

Respectfully,  yours.  El  Montecito  M'f'g  Co., 

Edwin  H.  Sawyer  President. 
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Oakland,  Gal.,  May  5,  J90S, 
Your  ijivor  under  date  of  April  14,  1903,  at  hand  and  contents  noted.  Beg  to  aay 
in  reply  that  I  am  much  surprifled  to  learn  result  of  your  analysis  of  my  "  Ramona*' 
brand  of  olive  oil,  as  when  I  adopted  this  brand  for  my  retail  trade  I  had  the  oil 
thoroughly  analyzed,  with  result  showing  freedom  from  any  adulterants.  I  presumed 
that  the  same  brand  of  oil  from  the  same  prwiucers  and  importers  would  run  same 
in  quality  and  purity,  but  it  seems,  as  you  remark  in  your  favor  referred  to  before, 
that  ''manufacturers  vary  in  the  goods  they  turn  out."  It  must  be  so  in  this  case, 
and  I  shall  certainly  change  the  oil  and  obtain  a  pure  oil. 

Permit  me  to  say  that  I  am  not  a  wholesaler,  simply  bottling  oil  for  my  retail 
business.  It  seems,  on  my  part,  to  be  simply  a  case  of  too  much  trust  imposed  in 
manufacturers'  agents. 

I  would  remark  that  parties  to  whom  I  have  submitted  a  sample  of  oil,  now  bottled 
under  brand  mentioned,  for  analysis,  report  adulteration  of  about  5  per  cent.     How- 
ever, that  would  suffice  to  necessitate  its  being  discarded  as  a  pure  article. 
I  l)eg  to  remain,  yours,  truly, 

W.  P.  Wheeler. 


The  Department  of  State,  upon  the  request  of  the  Secretary  of 
Agriculture,  instructed  the  United  States  consul  at  Bordeaux  to 
investigate  the  existence  of  the  firms  named  on  the  labels  reproduced 
on  Plates  I  and  II  as  manufacturers  of  olive  oil  at  that  port.  The  follow- 
ing excerpts  are  made  from  the  report  rendered  by  the  consul: 

1.  No  such  firms  as  Tisserand  &  Fils,  or  Frfires  &  Du  Peaux,  or  Jules  Chambon  & 
Cie  are  known  in  this  consulate  or  appear  on  the  books  thereof  during  the  year  1903. 

2.  No  such  firms  are  to  be  found  in  the  last  directory  of  the  city  of  Bordeaux. 
Whether  there  are  such  firms  in  Bordeaux  can  be  conclusively  determined  only 

by  an  examination  of  the  registry  books,  for  which  a  fee  of  35  centimes  (7  cents)  per 
volume  is  charged  for  each  volume  included  in  the  search.     ♦    *    ♦ 

It  is  well-nigh  impossible  that  there  should  be  such  a  firm  as  ''  Frfires  &  I>u  Peaux." 
It  might  be  **Dupeaux  FW^res"  or  '*Dupeaux  &  Freres.'*     *    *    * 

From  all  I  can  gather  I  think  there  is  somewhere  in  Bordeaux  a  firm  which  some- 
times calls  itself  "Jules  Chambon  &  Cie,"  but  where  it  is,  who  compose  it,  or  what 
is  its  business  the  most  searching  inquiry  has  failed  to  reveal.     Of  the  other  two 
firms  named  not  even  a  trace  or  suspicion  can  be  found. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

Albion  W.  Tourgke, 
Comnd  of  the  Vniled  States  of  America  at  BordeauXy  France. 
July  30,  1903. 
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SXJMMAEY. 

(1)  The  olive  oil  consumed  in  this  country  is  largely  imported  from 
Fi-ance  and  Italy.  The  amount  produced  in  California  is  relatively 
small,  although  reports  warrant  the  statement  that  California  is  capa- 
ble of  supplying  the  entire  home  demand. 

(2)  The  cost  of  production  of  California  oil  is  so  much  higher  than 
that  of  the  French  and  Italian  oils  that  it  competes  with  diflBculty  with 
the  imported  oils  in  the  American  market,  even  after  the  latter  have 
paid  duty  amounting  to  50  cents  per  gallon. 

(3)  The  retail  prices  of  the  best  grade  of  oil  from  the  three  sources 
arc  much  the  same,  but  the  average  prices  of  the  imported  oils  are 
much  less  than  that  of  the  California  oil,  owing  to  the  large  amount  of 
lower  grade  foreign  oils  that  is  marketed  in  this  country. 

(4)  In  the  examination  of  olive  oils  for  adulteration,  a  complete 
analysis  is  usually  necessary  to  reveal  the  real  nature  of  the  oil.  In 
cases  of  gross  adulteration  the  qualitative  tests,  specific  gravit}^  and 
index  of  refraction  will  often  show  the  nature  of  the  adulterant  and 
the  extent  to  which  it  is  employed. 

(5)  The  adulteration  of  foreign  oils  imported  into  this  countr}^  is 
practiced  to  a  much  less  extent  than  is  popularly  supposed.  Only  5 
of  the  61  samples  obtained  from  the  customs  officers  were  found  to 
contain  other  than  olive  oil,  and  none  of  these  contained  cotton-seed 
oil.^  On  the  other  hand,  oils  bought  upon  the  market,  bearing  labels 
indicating  a  foreign  origin,  were  found  to  bo  quite  extensively  adul- 
terated with  cotton-seed  oil.  It  seems,  therefore,  probable  that  these 
adulterated  oils  bearing  foreign  labels  are  labeled  and  modified  after 
leaving  the  port  of  entry,  neither  the  domestic  nor  the  foreign  pro- 
ducer being  responsible  for  them.  This  practice  is  equally  injurious 
to  the  interests  of  the  California,  French,  or  Italian  manufacturer  of 
pure  olive  oil  and  the  consumer. 

(6)  The  results  of  analyses  of  oils  of  known  purit\'  show  that  there 
is  a  wide  range  in  the  various  values  ordinarily  (considered  of  impor- 
tance in  indicating  the  purity  of  an  oil.  This  is  especially  true  of  the 
iodin  number,  the  melting  point  of  fatty  acids,  and  the  percentage 
of  solid  fatt}"  acids.  The  California  olive  oils  generally  have  a  higher 
iodin  nmnl>er,  a  lower  melting  point  of  fatty  acids,  and  a  lower  per- 
centage of  solid  fatty  acids  than  the  French  and  Italian  oils. 

(7)  All  samples  containing  other  than  olive  oil  were  sold  as  pure 
olive  oil,  although  in  one  case  a  careful  observation  of  the  label  revealed 
the  fact  that  the  oil  was  an  olive  oil  substitute. 

«Two  Hamplee  recently  received  from  the  custoui-house  have  contained  cotton- 
seed oil. 
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Achiardf .  Augustus,  Leghorn,  Italy ^ 

Addisoni  Flls,  Measlna,  Italy 58 

Agard  de  Russell,  Oakland.  Gal 56 

A  kerman  &  Tufflpy ,  San  Diego,  Cal 52 

Alameda  Co.,  Boston,  Mass 52 

Albertinl,  Umberto,  Livomo,  Italy 58 

Allen,  W.  P.,  Philadelphia,  Pa 54 

Alphonso,  Fratelli,  Leghorn,  Italy 56 

American  Cotton  Oil  Co.,  New  York  City  . .  44 

ADable.  8.  G.,  Chicago,  111 64 

Anderson,  V.  D.,  Co.,  Cleveland,  Ohio 48,44 

Antonini  &  Co.,  Leghorn,  Italy 66 

AxmourA  Co.,  Chicago,  111 43 

Baldocchi,  Robert,  &  Co.,  San  Francisco, 

Cal...  56 

Bailer,  Fred,  &  Co. ,  Mesnna,  Italy 49 

Barton  &  Guestler,  Bordeaux,  France 58, 64 

Bartoni.G.,  Leghorn,  Italy 66 

Bean,LK 58 

Beaumarchand  FilK,  Bordeaux,  France 53 

Bebo.  Newman  &  Ikenberg,  San  Francisco, 

Cal 54 

Berio,  F. ,  &  Co. ,  Lucca,  Italy 59 

Bertolll.F.,  Lucca,  Italy 56 

Bid  well  (John )  Estate,  Chlco,  Cal 47 

Billet,  Alphonse,  Bordeaux,  France 54 

Blanc,  J.  E.,  Marseilles,  France 54 

Blasdale,  W.  C. ,  Berkeley,  Cal 5 

Booth  Meat  Co.,  New  Haven,  Conn 56 

Boston  Store,  Buffalo,  N.  Y 59 

Boutelleau  Fils,  France 54 

Brandenburg  Fr{kre8,  Bordeaux,  France —  5-1 

Brie,  J.  de,  &  Co.,  Bordeaux,  France 53 

Brody,  James,  Blloxi,  Miss 43 

Bronson  &  Piatt  Co. ,  New  Haven,  Conn  —  56 

Bryan,  C.  C,  Washington.  D.  C 52 

Buehl,  E.  M.,  Buffalo,  N.  Y 56 

BQhler,  A.  L.,  New  Orleans,  La 58 

Balotti,  John.  San  Francisco,  Cal 56 

Busby.  Fred,  Concord,  N.  H 47 

CeAre,  J.,  Co.,  San  Francisco,  Cal 52 

Capasso,  Santo.  New  Haven,  Conn 86 

Cafitlc,  W.  A.,  Springfield,  Mass 56 

Cbaffard,  Vve,  Jardin  de  la  France 54 

Chambon ,  J ules,  &  Cie.,  Bordeaux ,  France .  58 

Chapnelle  &  Cie.,  Aix,  France 54 

Clark,  8.  W.,  &  Son,  New  Orleans,  La 53 

CoDb.  Aldrich  A  Co.,  Boston,  Mass 54 

Cobb,  Bates,  Yerxa  &  Co.,  Boston,  Mass. . . .  53,59 


Page. 

Cobuni,  Tevis  &  Co.,  San  Francisco,  Cul ...  62 

Cochrane,  E.  C,  Co.,  Buffalo,  N.  Y 64 

Cola,  Giov.  di.  Termini,  Sicily 57 

* ' CoUinflore  Royal  Table  Olive  Oil' '« 57 

Connor,  Eagan  Co. ,  St.  Louis,  Mo 54 

Conway  Co.,  Boston,  Mass 56 

Cooper,  El  wood,  Santa  Barbara,  Cal 9, 47 

Crosse  &  Blackwell,  I»ndon,  England 56 

Dellepiane,  Giacomo,  fu  Andrea,  Genoa, 

Italy 5,49 

De  Martini  &  Cia. ,  Riviera  di  Genova,  Italy .  59 

De  Poesel  Fils,  Marseilles.  France 64 

Dingens  Bros.,  Buffalo,  N.  Y 54, 56, 58 

Dini,  Egisto,  Lucca,  Italy  ..  68 

Dove,  D.,  New  Haven,  Conn 69 

Dove  Pure  Oil  Co 69 

Dumouron  &  Cie.,  Graase.  France 64 

Dupont  &  Cie.,  Bordeaux,  France 53, 69 

Duret,  J.  L.,  &  Co..  Bordeaux,  France 68 

Ehmann  Olive  Co.,  Orovllle,  Cal 47 

El  Montecito  Manufacturing  Co.,  El  Monte- 

cito,  Cal 59 

Eppling,  H.  L..  Chicago,  111 54 

Eyqnem,  Alex..  Bordeaux,  France 69 

Faicchio  &  S.  Lorenjsello,  Italy 56 

Faxon,  Williams  &  Faxon,  Buffalo,  N.  Y...  54,56 

Ferrari,  B.,  &  Co.,  Boston,  Mass 56 

Fontana,  G.,  &  Co.,  Sim  Francisco,  Cal 56 

Fontenelle,  A.,  Fils  &  Cie..  Grasse,  France .  54 

Fourch^.,  F.  P..  Nice,  France 54 

Francisconi,  S.,  New  Haven,  Conn 59 

Fr*!res  &  Du  Peaux,  Bordeaux,  France 59 

Fueich,  T.  A.,  &  Son,  Lussinpiecolo,  Austria  69 

Gameau  Frftres,  Bordeaux,  France 68 

Garrettson,  F.  P.,  &  Co.,  New  York,  N.  Y . .  54 

Gaston,  Jules,  &  Cie.,  Bordeaux,  France ...  64 
Giannelli,  A.  Z.,  Buffalo,  N.  Y.,  and  Casci- 

ana  d'  Monsagrati,  Italy 67 

Gifford,  C.  M. ,  San  Diego,  Cal 12, 47, 52 

Gilbert  &  Thompson,  New  Haven,  Conn...  54 

Oilman,  Z.  D.,  Wtushington,  D.  C 43,44 

Ginter,  Groc*ery  Co.  (The),  Boston,  Mass. . .  56 

Giurlani,  Gaetano,  Lucca,  Italy 69 

Glander,  H.,  San  Francisco,  Cal 56 

Glucose  Sugar  Refining  Co.,  Chicago,  111 . . .  44 

Godillot,  Alexis,  Jeune 54 

Gocssel,  Mrs.  C,  San  Francisco,  Cal 66 

Goldberg,  Bowen  &  Co.,  San  Franciwx),  Cal.  54, 56 


a  In  a  few  cases  tn  which  the  manufacturer's  name  is  not  given  the  trade  name  of  the  oil  is  indexed. 
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Goodrich,  Edward  £.,  banU  Clara.  Cal 12, 47 

Gray,  J.  C.  Orovllle,  C«l 47 

Hall,  E.  E.,  &  Sons,  New  Haven,  Conn  ....  57, &9 

Hamelsfaler,  Chica«ro,  III 54 

Heublein,  G.  F.,  &  Bro.,  Hartford,  Conn. . .  54 

Hill,  James,  &  Sons,  Los  Angeles,  Cal 47 

Howland&Co.,  Oakland,  Cal 59 

Hunt,  F.  M.,  Redlands,  Cal 52 

Indianapolis  Hominy  Mills,  Ind 44 

India  Refining  Co.,  Philadelphia,  Pa 43 

Jevne,  C,  &  Co.,  Chicago,  111 54 

Kiltterhom,  H.  C,  San  Francisco,  Cal 59 

Kaufman,  v.,  Chicago,  111 57 

Kleiser,  J.  A.,  Cloverdale,  Cal 47 

Koehl,J.  A.,  New  Orleans.  La 53 

Larronde  Fr^res,  Bordeaux,  France 53 

Lea,  F.  J.,  &  Co..  Oakland,  Cal 52 

Lebcnbaum,  L.,  &  Co.,  San  Francisco,  Cal . .  52 

liebmann,  A.,  San  Francisco,  Cal 54 

Longaker,  Chas.  W. ,  Pottstown,  Pa 58 

Loubon,  E.,  Nice,  France 58 

Loubric,  P.  M .,  Bordeaux,  France 58 

Loyd,  William,  &  Co.,  Leghorn,  Italy 56 

Luigi,  Oiacomo,  New  Orleans,  La 59 

Luy ties  Bros.,  St.  Louis,  Mo 59 

Luxe,  A.  de,  Bordeaux,  France 53 

MacVeagh,  Franklin,  &  Co.,  Chicago,  111. . .  54 

Martini,  De,  &  Cla,  Riviera  di  Genova,  Italy .  59 

Martinot  Frdresi,  Bordeaux,  France 59 

Matteucci,  Luigi  di  Cos,  Lucca,  Italy 59 

Mayrargue,  Joseph,  Nice.  France 64 

McLenegan,  Carrie  Cutler,  San  Jose,  Cal . . .  53 
(SeealmTBlA  Grove.) 

Meigs,  Peveril,  Santa  Barbara,  Cal 13, 47 

Miller,  I,  J..  Philadelphia,  Pa 63 

Moro,  Pio,  fu  Comigllano,  Liguria,  Italy. . .  57 

Morris  &  Smith,  Yolo.  Cal 47 

Mottet,  J.,  &  Cie.,  Grasse,  France 54 

Myer,  M.  D.,  San  Francisco,  Cal 54 

Naegely  &  Pasero,  Marseilles,  France 59 

Nencioni,  Ferd.,  Dltta,  Pisa,  Italy 56 

Nesblt,  R.  N.  Co.,  New  Haven,  Conn 54 

"Nicelle  Olive  Oil" 53 

Nichols,  E.  E.,  New  Haven,  Conn 54 

Newton,  Robertson  &  Co.,  Hartford,  Conn.  53 

Nicolini,  A..  Bari,  Italy 66 

Olson,  H.,  Oakland,  Cal 56 

Oliver,  J.  M.,  ASons 58 

Pala  Olive  Grove,  San  Jose,  Cal 52 

(.Sec  alto  McLenegan,  C.  C). 

Peirce,  Silas,  &.  Co.,  Bordeaux,  France 58 

Pierce,  S.  S.,  Boston,  Mass 54,56,57 


Page. 

Pinard,  Alphonse,  Bordeaux,  France 54 

Pitito.  Niooll,  Leghorn.  Italy 56 

Plagniol,  James,  Marseilles.  Franco 53, 54 

Popf.  Geo.  P.,  Chicago,  111 56 

Popovich.  Abramovich,  New  Orleans,  Ia..')7,58,59 

Possel.  De,  fil*,  Marseilles,  France 54 

Price,  L.  A.,  Bordeaux,  France 54 

Prosek,  Dr.,  Guemevllle.  Cal 47 

Puget,  Adolphe,  Marseilles,  France 53 

Quito  Olive  Farm,  Santa  Clara,  Cal 52 

Rae,  S.,  ACo.,  Leghorn,  Italy 56 

*'  Rancho  Chico  " 47 

Restivo&Co.,  Lucca,  Italv 68 

RIcci,  M.,  &  Co.,  Lucca,  Italy 56 

Rice  Bros.,  West  Newton,  Mass 58 

Riddel,  J.  O.,  Redlands,  Cal 47.62 

Roberson,    Mrs.    Emily,    Olivina     Farm, 

Auburn,  Cal 52 

Rossetti,  D.  G..  &  Co..  Leghorn,  Italy 56 

Roulan  Fr^re»,  Bordeaux,  France 64 

Routh,  H.  L.,  ifeSon-s 56 

Ruchers,  F.  W..  &  Co.,  San  Francisco,  Cal..  69 

"S.  Benedictus'* 64 

"San  Pedro" 62 

' '  Santa  Ana,  California,  Olive  Oi  1' ' 62 

Savarese,  (}. ,  New  Haven,  Conn 69 
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LETTER  OF  TRANSMIHAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington^  D.  C,  JwaeSO^  1903. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  a  manuscript, 
accompanied  by  graphic  charts,  embodying  the  results  of  the  coopera- 
tive work  conducted  by  this  Bureau  on  the  study  of  the  effect  of 
environment  upon  the  composition  of  the  sugar  beet  during  the  year 
1902,  and  to  recommend  its  publication  as  Bulletin  78  of  the  Bureau 
of  Chemistry.  This  is  a  continuation  of  the  work  of  1900,  the  results 
of  which  were  published  in  Bulletin  64,  and  of  1901,  reported  in 
Bulletin  74. 

In  this  connection  1  desire  to  express  the  appreciation  of  this  Bureau 
of  the  collaborative  work  done  by  the  various  experiment  stations 
taking  part  in  the  experiment;  of  the  continued  cooperation  of  the 
Weather  Bureau,  without  which  it  would  be  very  difficult,  if  not 
impossible,  to  collect  the  meteorological  data;  and  of  the  information 
furnished  by  the  United  States  Coast  and  Geodetic  Survey  and  the 
Naval  Observatory.  The  analytical  work  done  in  this  Bureau  on  the 
beets  was  performed  by  Messrs.  Houghton  and  Given;  that  on  the  soils 
by  Messrs.  Veitch  and  Trescot;  while  the  mechanical  analyses  were  made 
by  the  Bureau  of  Soils. 
Respectfully, 

H.  W.  Wiley,  CJiisf. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  INFLUENCE  OF  ENVIRONMENT  UPON  THE  COMPO- 
SITION OF  THE  SUGAR  BEET,  1902. 


OEOAKIZATIOH  OF  GOLLABOEATIYE  WOEK. 

In  the  third  year  of  the  cooperative  experiments  with  the  sugar 
beet  two  series  of  experiments  were  conducted,  one  with  stations 
where  irrigation  was  practiced  and  the  other  with  the  nonirrigated 
stations  at  which  the  work  has  been  carried  on  for  two  years.  The 
consideration  of  the  soils  in  which  the  beets  were  grown,  which  was 
begun  in  a  tentative  manner  in  1901,  was  continued  and  a  more  com- 
plete study  was  made  of  this  phase  of  the  environment,  two  additional 
charts  being  added  to  show  the  relation  of  the  more  important  plant 
foods  and  the  physical  condition  of  the  soil  to  the  yield  per  acre. 

On  February  28,  1902,  the  following  letter  was  sent  to  the  stations 
at  Logan,  Utah;  Fort  Collins,  Colo.;  Mesilla  Park,  N.  Mex.;  Tucson, 
Ariz.;  Laramie,  Wyo.;  Moscow,  Idaho;  Berkeley,  Cal. ;  Pullman, 
Wash.,  and  Corvallis,  Oreg.,  at  which  irrigation  would  probably  be 
practiced: 

Dear  Sir:  It  is  desirable  to  extend  the  studies  of  the  influence  of  environment  on 
the  constitution  of  the  sugar  beet  to  areas  where  irrigation  is  practiced.  The  scope 
of  these  studies  and  the  methods  of  conducting  them  are  sufficiently  outlined  in 
Bulletin  64  of  this  Bureau,  a  copy  of  which  is  inclosed. 

I  desire  to  have  your  cooperation  in  these  studies  and  feel  very  sure  that  great 
good  will  come  of  them,  not  only  to  the  beet-sugar  industry,  but  to  agriculture  in 
general.  The  extent  of  the  collaboration  is  sufficiently  shown  in  Bulletin  64.  If 
you  are  willing  to  engage  in  these  collaborative  studies,  I  beg  you  to  inform  me  at 
an  early  date.  The  necessary  seeds  for  planting  and  uniform  directions  for  culture 
and  irrigation  will  be  prepared  and  forwarded  as  soon  as  your  acceptance  is  received. 
I  send  this  letter  with  the  full  approbation  of  Mr.  Elwood  Mead,  in  charge  of  the 
irrigation  work  of  the  Department  of  Agriculture,  who  would  have  joined  me  in  the 
signature  had  he  not  been  abnent  from  the  city. 

Respectfully,  H.  W.  Wiley,  Chief. 

Of  the  stations  to  which  this  letter  was  sent,  five — namel}',  those  of 
Utah,  Wyoming,  California,  Colorado,  and  Idaho — consented  to  take 
part  in  the  experiment.  Only  three  reports  are  given,  however,  as 
the  Wyoming  crop  was  a  failure  and  the  work  done  at  the  Idaho  sta- 
tion was  not  comparable  with  the  other  experiments,  no  irrigation 
being  practiced.  The  request  reached  the  Arizona  station  too  late  in 
the  season  for  acceptance. 
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To  the  stations  which  had    previously  cooperated  in  the  work, 

namely,  those  of  North  Carolina,  Iowa,  Michigan,  Virginia,  Indiana, 

Wisconsin,  Kentucky,  and  the  two  New  York  stations,  the  following 

letter  was  sent: 

Makch  7,  1902. 

Deab  Sir:  The  good  results  which  have  attended  the  collaborative  work  in  the 
study  of  the  effect  of  environment  upon  sugar  beets,  and  the  high  commendations 
thereof  which  have  been  received  from  many  practical  sources,  lead  me  to  believe 
that  a  continuance  of  this  work  would  be  highly  beneficial.  The  Weather  Bureau 
has  promised  to  continue  its  collaboration,  and  I  desire  to  ask  you  to  undertake 
again  w^ork  similar  to  that  which  you  have  done  in  this  direction  the  past  two  years. 
Seeds  of  high  grade  and  with  a  germinating  power  of  high  quality,  as  tested  in  this 
Department,  will  be  sent  to  you,  as  heretofore,  for  experimental  work.  The  charac- 
ter of  the  experiments  is  sufficiently  outlined  in  Bulletin  64,  a  copy  of  which  1  send 
inclosed. 

Hoping  that  I  may  have  a  favorable  reply,  I  am. 

Respectfully,  H.  W.  Wiley,  Chief, 

The  North  Carolina  station,  which  had  withdrawn  from  the  work  in 
1901,  was  again  unable  to  cooperate,  and  the  work  was  also  tempo- 
rarily discontinued  at  Ames,  Iowa,  on  account  of  a  change  in  the 
station  force. 

The  following  letter  containing  complete  instructions  as  to  the  con- 
duct of  the  experiment,  the  sampling  of  the  soil,  records  to  be  kept, 
etc.,  together  with  an  additional  note  for  the  stations  practicing  irriga- 
tion, was  sent  to  all  cooperating  stations  at  the  opening  of  the  season: 

April  15,  1902. 

Dear  Sir:  For  the  collaborative  work  in  the  study  of  the  influence  of  environ- 
ment on  the  composition  of  the  sugar  beet,  for  the  present  year,  I  have  decided  to 
use  seed  No.  8238,  and  a  package  of  this  number  has  been  sent  to  you  for  such  col- 
laborative work. 

The  area  planted  need  not  exceed  an  eighth  of  an  acre,  unless  you  desire  a  larger 
area  or  a  number  of  plats.  This  matter  is  left  entirely  to  your  own  judgment,  and 
the  residue  of  the  seed  you  can  dispose  of  as  you  like.  I  suggest,  however,  that  the 
special  plat  be  seeded  very  heavily  so  as  to  be  sure  of  a  good  stand,  and  that  enough 
of  the  seed  be  reserved  for  replanting  in  case  the  first  planting  should  not  germinate. 

The  soil  some  time  before  sowing,  preferably  the  previous  autumn,  should  be 
plowed  to  the  usual  depth  of  8  or  9  inches  and  subsoiled  to  at  least  6  inches  more, 
making  a  seed  bed  of  at  least  15  inches  in  depth.  If  the  character  of  the  soil  warrants 
it,  a  deeper  plowing,  even  to  10  or  11  inches,  and  a  subaoiling  of  6  inches  additional, 
will  be  advisable. 

The  surface  of  the  soil  should  be  reduced  to  a  fine  tilth  and  well  harrowed  and 
stirred  immediately  before  planting  so  as  to  stop  all  growth  of  weeds  which  may 
have  started.  The  rows  should  be  18  inches  apart  and  the  seed  planted  at  the  rate 
of  about  25  pounds  per  acre,  so  as  to  be  sure  of  a  good  stand.  If  the  soil  be  moist 
the  seed  should  be  covered  to  a  depth  of  from  one-half  to  1  inch.  If  the  weather  be 
dry,  slightly  deeper  planting  may  be  advisable. 

As  soon  aa  the  plants  are  vigorously  growing,  they  should  be  ''bunched"  by  a  hoe 
6  inches  in  width,  leaving  the  length  of  3  inches  of  beets  in  each  hill.  When  the 
beets  have  a  vigorous  growth  and  begin  to  form  the  fourth  leaf,  they  should  be 
thinned  to  about  one  plant  in  each  9  inches.  Where  vacancies  occur  in  a  row, 
transplant  carefully  so  as  to  have  the  number  of  plants  indicated. 
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Ordinary  sarface  cultivation  is  all  that  is  required,  beinp  careful  not  to  cover  up 
the  beets  at  the  first  cultivation. 

In  connection  with  this  study,  I  desire  to  make  careful  chemical  and  physical 
analyses  of  the  soils  of  the  plats  used  for  the  growing  of  the  beets.  I  therefore  ask 
that  you  take  a  representative  sample  of  the  soil  and  subsoil  of  the  plat  on  which 
you  grow  the  No.  8238  seed  during  the  present  year.  After  getting  a  representative 
sample  reduce  it  in  size  by  quartering  or  otherwise  so  as  to  secure  a  representative 
subsample  weighing  not  more  than  4  pounds,  and  send  it,  under  the  inclosed  frank, 
by  mail  to  my  address. 

In  sending  the  sample  of  soil  in  accordance  with  the  above  instructions,  do  not 
forget  to  send  a  history  of  the  plat  so  far  as  known.  Complete  cultural  and  meteoro- 
logical data,  in  collaboration  with  the  Weather  Bureau,  should  be  kept  and  forwarded 
with  the  samples.  Franks  for  forwarding  the  samples  and  full  instructions  for 
sampling  and  harvesting  will  be  sent  later.  It  is  earnestly  requested  that  frequent 
analyses  be  made  at  the  station,  so  that  the  results  of  those  analyses  can  be  com- 
pared with  those  which  are  made  of  the  beets  sent  here. 

Any  questions  in  regard  to  further  details  will  be  promptly  answered. 
Respectfully, 

H.  W.  Wiley,  Chief, 

The  note  to  the  stations  using  irrigation  was  as  follows: 

IBRIGATED  PLATS. 

If  irrigation  is  practiced  it  is  desirable  that  a  record  be  kept  of  the  number  of  times 
water  is  applied  and  the  amount  used  each  time. 

In  regard  to  the  details  of  irrigation  I  can  not  offer  any  suggestions,  since  I  have 
had  no  experience  whatever  with  irrigated  plats.  It  appears  to  me  that  the  impor- 
tant thing  is  to  secure  the  regular  and  unintemipted  growth  of^  the  beets  until  matu- 
rity or  near  maturity,  so  that  they  can  ripen  without  any  danger  of  undergoing  a 
second  growth. 

In  these  experiments  the  temperature  record  is  of  more  than  ordinary  importance, 
since  there  is  some  ground  for  believing  that  a  beet  of  excellent  sugar  content  can  be 
produced  under  irrigation  where  the  mean  temperature  is  much  higher  than  is  favor- 
able to  the  production  of  a  good  beet  in  r^ions  under  ordinary  cultivation. 

Since  this  is  the  first  collaborative  experiment  in  this  country  undertaken  in  irri- 
gated areas,  suggestions  for  the  second  year's  work  are  respectfully  solicited. 

The  seed  used  in  this  experiment,  referred  to  as  S.  P.  I.  No.  8238, 
was  the  Kleinwanzlebener  Nachzucht,  produced  by  H.  Bennecke  &  Son, 
at  Athensleben  bei  Loderburg,  Germany,  and  transmitted  to  this 
Department  through  Ernst  Anders,  of  Magdeburg,  for  use  in  this 
experiment.     Mr.  Anders,  in  transmitting  the  seed,  said: 

The  high  germinating  power  is  a  very  important  thing,  guaranteeing  a  quick  and 
equal  start,  regular  growth,  and  finally  a  high  tonnage.  Please  take  in  consideration 
that  the  sugar  produced  per  acre  will  be  increased  to  a  very  high  amount  by  this 
fact,  notwithstanding  the  percentage  of  sugar  in  the  beets  may  be  a  little  smaller  in 
comparison  with  other  high-grade  beet  seed  giving  a  smaller  tonnage.     *    *    * 

Furthermore,  the  power  to  germinate  very  quickly  is  very  important  in  cases  of 
destruction  of  the  small  plants  by  insects,  or  if  the  preparation  of  the  fields  is  nut 
finished  in  the  proper  time,  as  in  either  case  a  late  drilling  becomes  necessary. 

The  germinating  tests  of  the  seed  made  in  the  laboratory  of  Seed 
and  Plant  Introduction,  Bureau  of  Plant  Industry,  of  this  Department, 
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gave  a  germination  of  80  per  cent  of  seed  balls,  196.5  sprouts  from  100 

seed  balls,  with  106,000  sprouts  from  1,000  grams  of  seed,  thus  fully 

justifying  the  remarks  of  Mr.  Anders  concerning  its  vitality. 

When  the  time  for  harvesting  approached  the  following  letter  was 

addressed  to  the  cooperating  stations: 

September  9,  1902. 

Dear  Sir:  We  are  about  to  b6gin  our  analytical  work  on  samples  of  sugar  l)eet8 
grown  from  the  special  seed  No.  8238.  This  is  the  seed  that  I  requested  you  to  plant 
for  the  collaborative  work  in  a  study  of  the  influence  of  environment  on  the  compo- 
sition of  the  beet.  If  practicable  I  would  like  you  to  follow  the  plan  outlined  below 
in  obtaining  samples  of  beets. 

Har\'est  every  beet  in  50  feet  of  an  inside  row;  wash,  dry,  and  weigh  the  beets 
after  removing  the  leaves,  but  not  the  crown  or  neck.  Report  the  estimated  yield 
per  acre  based  upon  the  weight  of  the  beets  (not  topped)  from  50  feet  of  row.  For- 
ward to  this  Bureau  by  express,  charges  collect,  about  twenty-five  average  beets 
(not  topped)  from  those  hars^ested.  Please  weigh  the  beets  before  shipment,  that 
we  may  calculate  the  loss  in  weight  during  transit  to  Washington.  We  shall  use 
your  estimated  tonnage  and  the  percentage  of  loss  in  topping  in  estimating  the  net 
yield  per  acre. 

Please  rei)eat  this  work  every  week  until  the  end  of  the  season.  An  identification 
slip  giving  date,  name  of  station,  and  the  weights  and  data  requested  above  should  be 
inclosed  with  each  sample.     With  the  first  sample  forward  agricultural  data. 

Begin  sampling  on  receipt  of  this  letter,  not  awaiting  full  maturity  of  the  beets. 
From  time  to  time  I  will  report  the  results  of  the  analyses  of  the  samples  to  you. 

Trusting  that  it  will  be  convenient  for  you  to  continue  the  cooperative  work  as 
outlined  above,  I  am, 

Respectfully,  H.  W.  Wiley,  Chief, 

To  distant  stations  cooperating  in  the  work  the  following  additional 
suggestions  were  made: 

Since  your  experimental  fields  are  so  far  from  our  laboratory,  I  would  be  very  glad 
if  you  could  arrange  to  have  these  analyi«es  made  at  your  station.  If  you  can  not  do 
this,  it  will  be  necessary  to  subsample  the  beets  han'ested,  report  the  agricultural 
data,  and  pack  a  carefully  weighed  quantity  of  untopped  beets  in  a  box  and  ship 
them  to  this  laboratory,  reporting  the  weight  shipped.  In  this  event  about  twenty 
beets  should  be  sent. 

I  trust  that  it  will  not  be  necessary  to  forward  these  samples,  as  the  results  will  be 
much  more  satisfactory  if  obtained  with  the  fresh  material  at  your  laboratory. 

These  data  should  be  obtained  from  the  beets  grown  on  both  the  irrigated  and  non- 
irrigated  plats. 

EXPEEIMEHT8  CONDUCTED  JS  HTJMID  EEOI0H8. 

POTOMAC  FLATS,  WASHINGTON,  D.  C. 

Two  series  of  experiments  were  carried  on  at  the  Department  farm, 
Potomac  flats.  Each  consisted  of  four  plats,  with  dates  of  planting 
varying  from  April  18  to  May  30,  and  in  one  series  irrigation  was 
practiced.  The  cultural  data,  except  as  to  irrigation,  were  the  same 
for  both  series  of  plats  and  are  given  as  follows: 

Plat  i.— Planted  April  18;  up  April  22;  thinned  to  two  in  a  hill  April  28,  29; 
thinned  to  one  in  a  hill  on  May  14.  The  plat  was  cultivated  with  a  wheel  hoe  on 
April  25,  May  2,  8,  16,  26,  June  12,  and  June  25,  when  the  crop  was  laid  by. 
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Plat  j9.— Planted  May  2;  up  May  8;  thinned  to  two  in  a  hill  May  16;  thinned  to 
one  in  a  hill  May  24.  The  plat  was  cultivated  on  May  16,  26,  June  12,  25,  30,  and 
July  2,  w^hen  the  crop  was  laid  by. 

Plat  3. — Planted  May  16;  up  May  20;  thinned  to  one  in  a  hill  June  6.  The  plat 
was  cultivated  on  May  26,  June  6,  12,  18,  25,  30,  July  5,  and  July  11,  when  the  crop 
was  laid  by. 

Plat  4' — Planted  May  30;  up  June  10  (up  where  irrigated  June  5) ;  thinned  to  one 
in  a  hill  June  24.  The  plat  was  cultivated  on  June  12,  18,  25,  30,  July  5,  and  July 
11,  when  the  crop  was  laid  by. 

Each  plat  or  planting  consisted  of  12  rows,  each  25  rods  long.  The 
seeds  wer^j  run  in  with  a  seed  drill  having  the  dropping  attachment  set 
to  9  inches,  the  rows  being  18  inches  apart.  The  plants  were  thinned 
as  soon  as  the  seedlings  were  large  enough  to  handle. 

The  following  record  shows  the  amount  of  moisture  received  by  the 
irrigated  plats  from  both  rainfall  and  irrigation.  By  leaving  out  of 
consideration  the  dates  followed  by  the  expression  (1),  which  indicates 
moisture  received  by  irrigation,  the  am6unt  of  water  received  by  the 
nonirrigatod  plats  can  be  determined. 


1902.  Inches. 

April  29 0.21 

30 11 


May  3. 


Total 


June 


Total. 

2  (I)  . 

5(1)  , 

7 

11 

12  (I)  . 

16 

19  (I) 

19 

21 


28. 
30, 


Total. 


0.32 


0.36 
0.16 

.06 

.98 
1.18 

.65 
1.93 

.35 


0.50 
.50 
.57 
.15 
.50 
.93 
.50 
.21 

1.22 
.05 

1.60 
.37 


5.67 


7.10 


ii,' 


1902. 
July  3  I 

9. 
14(1) 
16(1) 
18.... 
19.... 
20.... 
21.... 
24.... 
30.... 
31.... 


Inches. 
.  0.50 

.25 
.     .45 

.60 
.  a. 45 
.  1.31 
.Trace. 
.  .19 
.  .22 
.  .16 
.  .75 
.     .70 


Aug.  4 . 
6. 
10. 
23. 
26. 
27. 


Total, 


5.58 


0.25 
.94 

1.02 
.20 
.38 
.04 


Total 2.83 

Sept.  3 1.03 

9 1.65 


Total. 


2.68 


General  total 24.18 


«  Applied  to  plats  Nos.  3  and  4  only. 
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The  analytical  and  field  data,  determined  for  the  different  plats 
grown  under  varying  conditions,  are  shown  in  the  following  table: 

Agricultural  and  analytical  data  on  heetA  grown  on  the  Potomac  flats.  District  of  Columbia, 
showing  averages  for  different  dat^s  of  planting, 

UNIRUIGATED. 


Plat  No. 


Date 
planted. 


1902. 

Apr.   18 

aMay     2 

May   16 


Average 
weight 
aft^r  top- 
ping. 


4 1  May  30 


Average. 


Ounces. 
18.6 
22.9 
10.6 


Estimated 

yield  per 

acre. 


Sugar  In 
Juiee. 


Tons. 
27.9 
26.1 
19.6 
14.4 


Per  cent. 
9.1 
9.2 
9.3 
9.3 


15.5  I 


22      I 


9.2 


^®^-       cient. 


J*ercent. 
8.3 
8.4 
8.6 
8.6 


8.5 


72.8 
72,4 
72.4 
T2.1 


72.3 


IRRIGATED. 


1.. 

2.. 
3.. 
4.. 

Average 

Apr.  18 
May     2 
May   16 
May  30 

23.5 
25.4 
12.5 
12.9 

18.3 
15.8 
10.8 
10.8 

7.7 
8.0 
8.7 
8.9 

7.1 
7.4 
8.0 
8.1 

67.9 
69.5 
71 
70.6 

18.6 

13.9 

8.3 

7.7 

69  7 

a  The  data  for  May  2,  nnirrigated,  are  platted. 


The  climatic  conditions  under  which  this  crop  was  grown  are  shown 
by  the  following  data: 

Meteorological  dalafor  Wa^shington,  D.  C. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Clear 
days. 

Cloudy 

Actual. 

Possible. 

Percent. 

days. 

1902. 
May 

65.4 

71.8 
77 

Inches. 
3.35 
3.70 
2.54 

Hours. 
290.0 
806.3 
304.6 

Hours. 
443.8 
446.9 
458 

65 
69 
67 

13 
14 
11 

4 

June 

6 

July 

3 

Average  and  total 

71.4 

9.59 

67 

88 

12 



August 

72.6 
66.8 
67.6 

1.85 
5.30 
6.76 

321 

218.4 

229.1 

423.2 
373.4 
346 

76 
58 
66 

11 
13 
18 

4 

September 

3 

October 

6 

Average  and  total 

65.7 

18.91 

67 

42 

13 



General   average  and  sum 
total 

68.6 

23.60 

«7 

80 

25 

The  rather  contradictory  data  relative  to  the  yields  of  the  unirri- 
gated  and  irrigated  plats  call  for  a  word  of  explanation.  The  irrigated 
plats  were  located  at  the  west  end  of  the  field,  the  rows  of  beets  running 
east  and  west.  Unfortunately  the  stand  of  beets  upon  this  end  was 
not  so  good  as  on  the  central  and  western  portions  of  the  area  planted 
with  beets.  There  were  some  places  in  the  rows  where  beets  failed 
to  grow,  and  thus  in  thinning  fewer  beets  were  left  in  a  given  length 
of  row  on  the  irrigated  than  on  the  un irrigated  portion.  A  single 
illustration  taken  at  random  will  illustrate  this.     On  September  16, 
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50  feet  hai-vested  from  each  of  the  four  plats  planted  on  April  18, 
Ma}^  2,  May  16,  and  May  30  gave  the  following  number  of  beets 
respectively:  59,  49,  60,  and  54 — total,  222.  On  the  same  day  50  feet  in 
length  from  each  of  the  four  rows  of  irrigated  beets  yielded  the  fol- 
lowing number  of  beets:  26,  26,  33,  and  23 — a  total  of  108,  or  less  than 
one-half  as  many  as  were  yielded  by  the  unirrigated  plats.  •  This  is  of 
course  an  extreme  case,  but  the  same  general  proportions  as  to  the 
number  of  beets  harvested  on  the  two  plats  obtained  throughout  the 
season.  This  condition  explains  the  apparent  contradiction  in  the  yields 
of  the  two  plats  since  the  unirrigated  portions,  although  the  beets 
weighed  less,  yielded  a  larger  tonnage  than  the  irrigated  plats. 

By  reason  of  the  larger  size  of  the  beets  on  the  irrigated  area  it  is 
not  surprising  that  they  were  inferior  both  in  sugar  content  and  in 
purity  to  those  taken  from  the  unirrigated  areas.  It  does  not  appear 
that  the  practice  of  irrigation  had  any  effect  upon  the  crop.  In  fact, 
it  was  a  most  unfavorable  season  to  show  any  good  effect  of  irrigation, 
since  the  rainfall,  with  the  one  exception  of  the  month  of  August,  was 
entirely  suflScient  in  quantity  and  was  advantageously  distributed. 
The  excess  of  rainfall  in  September  and  October  of  course  had  a  tend- 
ency to  continue  the  growth  and  retard  the  period  of  maturity. 
Nevertheless,  the  beets  produced  were  decidedly  superior  to  those  of 
preceding  years.  This  is  probably  explained  by  the  fact  that  the 
mean  temperature  of  the  six  growing  months  in  1900  was  71.7°;  in 
1901,  69°;  and  in  1902,  68.6°— a  steady  though  slight  decrease. 

THE  INDIANA  STATION. 

Unfortunately  there  are  no  data  to  be  presented  for  the  Indiana 
station  as  the  crop  was  a  complete  failure.  Director  Huston  com- 
ments on  this  fact  under  date  of  January  16,  1903,  as  follows: 

The  seed  which  waa  received  from  you  was  planted  upon  ground  carefully  prepared 
and  germinated  satisfactorily.  On  May  20  the  beets  were  up  and  showing  a  good 
stand.  On  June  10  there  were  practically  no  live  beets  in  the  field,  and  Mr.  Jones 
at  once  had  a  portion  of  the  field  replanted  with  the  reserved  seed.  This  planting 
also  germinated  reasonably  well,  but  the  enormous  rainfall  in  June  destroyed  the 
young  beets,  so  that  there  w^as  practically  nothing  left  upon  the  field.  We  later  put 
soy  beans  on  the  field  and  they  failed  to  grow.  I  am  rather  at  a  loss  to  understand 
what  was  the  cause  of  these  failures,  as  the  field  had  been  under  two  different  crops 
since  beets  had  been  raised  upon  it.  I  am  under  the  impression  that  the  first  plant- 
ing was  injured  by  the  first  cultivation,  but  as  the  man  who  attended  to  it  is  not 
here  I  am  unable  to  be  sure  that  this  was  the  real  cause.  Last  year  a  crop  of  soy 
beans  was  plowed  under  on  this  land  and  I  thought  it  was  in  fine  condition  and  had 
arranged  to  irrigate  a  portion  of  the  field  and  had  all  the  pipes  in  place  for  this  pur- 
pose. Since  the  failure  of  the  crops  on  this  piece  of  ground  this  spring  it  has  been 
kept  in  fallow,  and  I  will  have  it  thoroughly  prepared  this  fall  and  think  it  ought  to 
be  in  first-class  condition  for  the  beet  work  next  year. 
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The  meteorological  data  for  this  season  at  Lafayette  and  at  Indian- 
apolis, 59  miles  to  the  southeast,  are  given  in  the  following  tables: 

MeUoroloffical  diiUifor  Lafayette,  Ind. 


Month. 

Mean 

Preeipi- 

Sunshine. 

Clear 

Cloudy 

'aui?^"      tatio-n. 

Actual. 

Po8Silble.|  Per  cent. 

days.   1  days. 

1902. 
Mav 

°F. 
65.3 
68.4 
74.8 

Inches. 
3.64 
11.37 
6.66 

Hours. 

Hours. 

7 
5 

16 

June 

l.s 

July 

11  1            8 

Average  and  total 

69.5  1        21.57 

23 

39 

August 

70.1             1-40 

10 
10 

13 

September 

63.3 
66.1 

3.72 
8.27 

15 

October 

7 

Average  and  total 

63.2 

8.39 

32 

35 

General  average  and   sum 
total 

66.4 

29.96 

55 

74 

Meteorological  data  for  Indianapolis^  Ind. 


Month. 

/  Mean 
temper- 
ature. 

Precl  pi- 
til  tion. 

Sun-shine. 

Clear 
days. 

Cloudy 

Actual. 

Possible. 

Percent. 

days. 

1902. 
May 

°F. 
66.0 
69.5 

75.8 

Inches. 
3.66 
7.52 
8.67 

Hours. 
300.8 
282.6 
330.9 

Hours. 
446.7 
449.0 
455.2 

67.0 
63.0 
73.0 

4 
9 
10 

3 

June 

8 

July 

3 

A  veiige  iind  Uy\^\ 

70.4 

14. 85 

67.7 

23 

14 

August 

71.6 
64.4 
67.4 

2.09 
5.33 
2.36 

262.2 
190.3 
214. 1 

425. 2 
873.6 
344.9 

62.0 
51.0 
62.0 

10 
8 
9 

3 

September 

9 

October 

5 

A  vevHge  and  totftl . 

64.5 

9.78 

58.3 

27 

17 

General   average  and  sum 
total 

67.5 

24.63 

63.0 

50 

81 

THE  KENTtJCKT  STATION. 

The  same  plat  that  had  been  used  for  the  beet  experiments  in  1900 
and  1901  was  again  assigned  for  that  work  in  1902.  The  land  was 
plowed  on  April  16,  replowed  and  subsoiled  20  inches  deep  on  April  22. 
The  soil  was  put  in  perfect  tilth  with  a  smoothing  harrow  and  roller. 
The  seed  were  planted  on  the  same  day  about  1  inch  deep  in  rows  18 
inches  apart,  a  hand  drill  being  used.  The  plants  were  up  on  April  30, 
and  were  cultivated  as  follows:  May  9,  hoed;  May  14,  hoed  and 
plowed;  May  21,  thinned  to  6  inches,  hoed  and  plowed;  May  28, 
thinned  to  9  inches  and  cultivated.  At  the  latter  date  there  was 
almost  a  perfect  stand,  and  plants  were  transplanted  to  fill  the  few 
vacancies  that  occurred.  Throughout  the  growing  season  the  beets 
were  cultivated  once  every  two  weeks. 

The  early  growth  of  the  crop  was  very  vigorous,  and  the  season 


Digitized  by 


Google 


13 

until  September  1,  was  favorable.  During  September  and  October 
the  beets  grew  very  little,  but  a  considerable  growth  took  place  in 
November. 

The  analytical  data  on  the  samples  taken  as  determined  both  at 
Washington  and  at  Lexington  are  given  in  the  following  tables: 


AgricuUuntl  and  anahfiical  data  on  heeUi  grovm  at  Ijexingtony  Ky. 


September  18 . 

October  9 

October  21.... 
October  25 


Average . 


Date  received. 


1902. 


Average 
weight 
after  top- 
ping. 


Ounces. 
8.0 
8.6 
8.0 
7.2 


8.0  I 


Tons. 
10.0 
9.0 
8.0 
8.4 


8.9 


Per  cent. 
9.3 
7.4 
7.5 
7.6 


8.0 


Per  cent. 
8.6 
6.8 
6.9 
7.0 


7.3 


Purity 
coeffi- 
cient. 


74.6 
68.5 
70.7 
69.7 


70.9 


Sugar  beets  grown  and  analyzed  at  Lexington^  Ky, 


Date  of  sampling. 


Number 
of  beets 
taken. 


Average 

weight     Sugar  in 
after  top-  the  Juice. 

ping. 


Sugar  in 
thcDeet.a 


Purity 
coeffi- 
cient. 


June  25 

August  6 

August  19.... 
October  4 . . . , 
October  13.. 
October  21.. 
December  4., 
December  8., 


1902. 


Average . 


Ounces. 
4.7 
12.4 
13.7 
9.2 
8.8 
10.0 
17.1 
14.6 


11.3 


Percent. 
8.15 
9.53 
9.80 
7.15 
4.75 
6.92 
8.77 
8.38 


Percent. 
7.50 
8.77 
8.56 
6.58 
4.87 
6.37 
8.07 
7.71 


7.87 


7.24 


65.7 
73.8 
72.8 
66.0 
57.2 
66.1 
67.0 
67.6 


67.0 


a  Calculated  at  Washington,  D.  C. 


The  meteorological  conditions  existing  during  the  growing  season  of 
1902  at  Lexington  are  shown  in  the  following  table: 


Afeteorological  data  for  Lexington-,  Ky. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Per  cent. 

Clear 
days. 

Cloudy 

Actual. 

Possible. 

days. 

1902. 
Mav 

°F. 
68.2 
71.2 

76.8 

Inches. 
2.43 
5.19 
2.33 

Hours. 
864.5 
359.3 
361.4 

Hours. 
441.7 
443.1 
450.1 

83.0 
81.0 
80.0 

18 
13 
14 

0 

June 

4 

julv 

0 

Averaire  and  total 

72.1 

9.95 

81.1 

45 

4 

August     

73.8 
67.0 
59.0 

1.89 
2.60 
2.11 

330.4 
246.1 
241.2 

422.1 
373.0 
347.3 

78.0 
66.0 
69.0 

18 
10 
15 

2 

September 

7 

October    

9 

Averaire  and  total 

66.6 

6.60 

71.0 

38 

18 

General  average  and  sum 
total 

69.3 

16.55 

76.1 

83 

22 
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The  following  table,  compiled  at  the  Kentucky  station,  shows  the 
averages  in  temperature  and  precipitation  for  fifteen  years  prior  to 
1903,  and  also  the  accumulated  deficiency  of  precipitation  from  Jan- 
uary 1,  1902: 

Averages  for  fifteen  yearSy  and  accumulated  rainfall  deficiency. 


Meteorological  data. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Temperature degrees  F.. 

Precipitation inches. . 

Accumulated  rainfall  deficiency  from  Jan.  1,1902- 
Jan.l,1903.a inches.. 

64 
3.71 

7.36 

74 
4.31 

6.39 

76 
4.06 

8.12 

74 
3.95 

10.18 

69 
2.59 

10.17 

57 
2.11 

10.17 

a  The  accumulated  deficiency  of  precipitation  for  the  preceding  year,  1901,  was  13.28  Inches. 

Under  date  of  February  11,  1903,  Mr.  A.  M.  Peter,  chemist  of  the 
station,  forwarded  some  additional  data  obtained  on  beets  from  the 
expenmental  plat  which  were  harvested  in  the  second  week  of  Novem- 
ber and  stored  in  a  cellar  until  January  31,  1903,  when  they  were 
sampled  and  the  following  analyses  made: 

Data  determined  on  beets  stored  for  two  months  at  Lexington,  Ky. 


Station  number. 

Number 
of  beets. 

Weight  of  beet. 

Sugar  in 
Juice. 

Purity. 

Topped. 

Trimmed. 

10892 

Ouncen. 
16.2 

Ounces. 
13.2 

Percent. 
7.4 
7.2 
9.95 
9.1 
8.1 
9.56 

72.6 

10893 - 

15.7  1            12.0 
15.0  1             12.5 

16.8  11.8 

13.0  10.5 

10.1  .               7.9 

59.5 

10894 

71.8 

10896 

72-2 

10896 

65.3 

10897 

Average 

2 

71.8 



14.5                11-3 

8.6 

68.9 

1 

The  results  of  the  experiment  at  the  Lexington  station  are  particu- 
larly interesting  in  that  they  have  again  robbed  the  Washington  sta- 
tion of  its  original  position  at  the  foot  of  the  ladder  in  the  production 
of  beets  of  a  low  sugar  content.  The  precipitation  at  Lexington,  while 
below  the  average,  apx)ears  to  have  been  sufficient  for  the  needs  of  the 
crop.  The  month  of  August,  however,  as  at  Washington,  was  some- 
what dry.  The  average  temperature  for  the  six  growing  months  was 
69.3^  or  0.7^  higher  than  at  Washington. 

THE  MICHiaAN  STATION. 

Under  date  of  May  16, 1902,  Director  Smith  reported  that  the  beets 
were  up  and  large  enough  tp  be  cultivated  within  a  week.  The  sea- 
son was  wet  and  cold,  frosty  nights  occurring  especially  during  May. 
The  crop  harvested  was  of  very  high  quality,  however,  as  is  shown 
by  the  following  table: 
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Agricultural  and  analytical  data  on  beets  grown  at  Agricultural  College^  Mich. 


Date  received. 


Average 
weight 
after  top- 
ping. 


Estimated 

yield  per 

acre. 


Sogar  in 
juice. 


Sugar  in 
beet. 


Purity 
coeffi- 
cient. 


1902. 

September  20 

September  27 

October7 

October  14 

October  21 

October  28 

November  4 

Average 


Ounces. 
10.9 
10.9 
10.2 
10.2 
11.5 
12.6 
8.8 


Tons. 


12.8 
12,0 
14.5 


10.5 


Percent. 
16.1 
15.0 
14.4 
14.4 
14.8 
16.2 
15.0 


Percent. 
13.9 
13.8 
13.2 
13.2 
13.6 
18.9 
18.8 


82.1 
86.7 
86.2 
86.7 
87.6 
89.4 
89.8 


10.6  I 


12.5 


14.8 


18.5 


86.9 


The  meteorological  data  for  Agricultural  College  and  for  Detroit, 
76  miles  to  the  southeast  of  the  college  station,  are  given  in  the 
following  tables,  the  sunshine  record  not  being  available  for  any  point 
nearer  to  Agricultural  College  than  Detroit: 

Meteorological  data  for  Agricultural  College,  Mich. 


Month. 

Mean 
temper- 
ature. 

Preclpl- 
taUon. 

Sunshine. 

Clear 

Cloudy 

Actual. 

Possible. 

Percent. 

days.      days. 

1902. 
Mav                              

68.4 
61.8 
70.6 

Inches. 
4.92 
7.28 
7.13 

Hours. 

Hours. 

6            11 

June        

9             19 

jniv                                

Average  and  total 

63.6 

19.38 

15            30 

AllgTlfft  .   ..T. 

64.2 
58.7 
49.6 

.68 
5.88 
1.53 

11              7 

Seotember           ..  ................ 

11             17 

October 



18  '           18 

Average  and  total 

57.5 

8.09 

40  1           37 



General  average  and  sum 
total 

60.5 

27.42 

55 

67 

Meteorological  data  for  Detroit  y  Mich. 


Month. 

Mean 
temper- 
ature. 

Precipi- 
tation. 

Actual. 

Sunshine. 
Powrfble. 

Per  cent. 

Clear 
days. 

Cloudy 
days. 

1902. 
May 

58.4 
63.9 
72.8 

Inches. 
3.52 
6.97 
7.55 

Hours. 
298.7 
235.6 
291.9 

Hours. 
451.9 
456.2 
461.8 

66 
52 
63 

12 
5 
13 

6 

June 

9 

July 

7 

65.0 

18.04 

60 

80 

22 

August 

68.0 
62.2 
52.4 

.60 
6.50 
1.54 

285.8 
18<'>.  4 
177.5 

429.4 
374.5 
342.5 

67 
60 
52 

15 
10 
10 

5 

September 

12 

October 

11 

Average  and  total 

60.9 

8.64 

56 

85 

28 

General  average  and  sum 
total TT. 

68.0 

26.68 

58 

65 

50 

The  precipitation  for  the  early  growing  months  of  May,  June,  and 
July  was  excessive,  especially  for  the  two  months  last  named.     Dur- 
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ing  the  second  period  of  three  monthH  the  August  precipitation  was 
deficient  and  the  September  rainfall  was  excessive,  while  October  was 
somewhat  dry  and  favorable  to  securing  the  maturity  of  the  plants. 
It  is  evident  that  had  two-thirds  of  the  September  rain  fallen  in  August 
there  would  have  been  a  larger  yield  of  beets  and  perhaps  of  a  better 
quality.  Both  the  percentage  of  sugar  in  the  beet  and  the  purity  of 
the  juice,  however,  are  very  satisfaxstory. 

THE  NEW  YOBE:  STATION  AT  GENEVA. 

The  following  cultural  data  are  reported  by  the  Geneva  station: 

The  seed  was  sown  on  May  30, 1902.  The  ground  was  plowed  and  subeoiled  in  the 
spring  to  the  depth  of  14  to  16  inches.  The  fertilizer  intended  for  the  work  was 
mixed  and  weighed  out,  but  the  fire  of  May  7  destroyed  it  and  before  a  new  supply 
could  be  obtained  it  was  too  late,  and  therefore  no  fertilizer  was  used. 

On  June  4  the  seed  b^an  to  vegetate  and  growth  went  on  rapidly.  A  very  uniform 
stand  was  obtained  without  reseeding.  On  June  14  the  beets  were  cultivated  by 
hand,  and  three  subsequent  cultivations  with  a  one-horse  cultivator  were  given. 
Thinning  was  begun  on  June  27  an4  finished  on  June  30.  The  beets  were  thinned 
to  approximately  8  inches  in  the  rows,  the  rows  being  20  inches  apart.  The  beets 
were  practically  free  from  leaf  spot  and  grew  with  vigor  throughout  the  season.  The 
data  on  the  beets  determined  at  the  ^ew  York  station  are  as  follows,  each  sample 
representing  50  beets. 

Agricultural  and  analytical  data  determined  at  Geneva.  N.  Y. 


Date  harvested. 

Average      Yield 
weight,    per  acre. 

Sugar 
in  juice. 

Sugar 
in  beet. 

Purity 
coeffi- 
cient. 

1902. 
October  14 

Ounce*.        Tons, 
13.8   

Percent. 
17.1 
17.1 

Percent. 
14.9 
14.3 

91.9 

November  13 

17.5          16.06 

87.4 

Average 

15.7          16.06 

17.1  1          14.6 

89.7 

The  data  determined  at  Washington,  D.  C,  on  the  beets  foi-warded 
from  Geneva  are  shown  in  the  following  table: 

Agricultural  and  analytical  data  on  beds  grown  at  Geneva j  X.  Y, 


Pate  received. 

Average 
weight  af- 
ter topping. 

Ounces. 
10.6 
13.1 
14.4 
17.4 
14.7 
14.7 
12.6 
17.6 
13.7 

Estimated 

yield  per 

acre. 

Tons. 

Sugar  In 
juice. 

Sugar  In 
beet. 

Purity. 

1902. 
September  22 

Percent. 
15.1 
15.7 
14.1 
14.1 
16.1 
16.3 
15.9 
15.6 
16.3 

Percent. 
13.9 
14.4 
12.9 
12.9 
13.9 
14.1 
14.6 
14.4 
14.1 

83.9 

Sentember  30                       

84.4 

October  9 

83.9 

October  14 



83.4 

October  21 . .-. 

86.3 

October  29 

85.5 

November  4 

85.0 

November  11 

84.3 

November  18 

84.1 

Average 

14.3 

a  16.1 

15.1 

13.9 

84,5 

a  Estimate  made  at  Geneva. 
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Unfortunately  only  very  scanty  meteorological  records  are  procura- 
ble for  this  locality,  the  temperature  and  precipitation  record  kept  at 
the  voluntary  station  at  Lyons,  13  miles  north  of  Geneva,  furnishing 
the  only  data  available  except  rainfall  reported  from  Geneva  in  the 
following  paragi'aph. 

Meteorological  data  for  LyoriSj  N.  Y. 


Month. 


Mean 
temper- 
ature. 


Precipi- 
tation. 


May.. 

June . 
July.. 


Averas^e  and  total . 


August 

September . 
October  — 


Average  and  total 

General  average  and  sum  total . 


op. 
58.8 
64.0 
?2.4 


S.l 


67.8 
64.4 
61.0 


61.1 


8.1 


Inches. 
8.03 
3.39 
6.77 


13.19 


2.22 
2.57 
2.79 


7.68 


20.77 


The  following  comments  on  the  season  are  made  in  the  station  report 
on  the  experiment: 

The  season  was  an  unusual  one  in  some  respects.  Periods  of  excessive  moisture 
were  followed  by  drought,  making  it  difficult  to  give  the  crop  frequent  cultivation. 
The  rainfall  as  observed  at  Geneva  for  the  growing  season  was  as  follows: 


Inches. 
October 2.32 


Total 17.19 


Inches. 

June 4.33 

July 5.25 

August 2.41 

September 2.88 

In  June  the  longest  period  without  rain  was  three  dayp.  Prom  July  9  to  15  was 
dry.  In  August  the  longest  period  with  no  rain  was  five  days,  from  August  12  to  17. 
In  September  there  was  but  0. 75  inch  from  the  1  at  to  the  22d.  The  coldest  October  and 
the  warmest  November  were  experienced  that  have  been  known  in  this  latitude  for 
twenty  years. 

The  analytical  data  determined  at  the  Geneva  station  and  those 
obtained  at  Washington  vary  somewhat,  the  Geneva  figures  for  purity 
and  sugar  in  the  beet  being  higher.  Only  two  samples,  however,  were 
examined  at  Geneva,  and  those  were  of  the  perfectly  matured  beets, 
the  samples  having  been  taken  on  October  14  and  November  13,  while 
the  samples  received  at  Washington  covered  a  range  of  harvesting 
from  the  last  of  September  to  the  middle  of  November.  The  differ- 
ence in  the  percentages  of  sugar  in  the  beets  as  obtained  at  the  two 
stations  is  only  0.7  per  cent,  while  the  difference  in  the  purity  coef- 
ficients is  5.2  per  cent.  Following  the  usual  rule,  the  data  obtained 
in  this  laboratory  have  been  platted  in  preference  to  those  of  the 
collaborating  station.  This  is  not  done  because  of  any  assumed  greater 
degree  of  accuracy,  but  because  the  analyses  made  here  are  all  per- 
7815— No.  78—03 2 
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formed  under  standard  and  uniform  conditions.  In  point  of  fact  there 
may  possibly  be  some  slight  deterioration  in  the  samples  sent  to 
Washington,  especially  those  coming  a  long  distance.  This  deteriora- 
tion can  never  be  very  great,  however,  if  the  directions  for  packing 
and  shipping  are  followed  carefully. 

THE  NEW  YORK  STATION  AT  ITHACA. 

The  following  report  on  the  beet  work  as  conducted  at  the  Ithaca 
station  was  made  by  Mr.  J.  L.  Stone,  assistant  in  agriculture,  under 
date  of  December  4:,  1902: 

The  sugar-beet  seed  No.  8238  of  the  Department  of  Agriculture  was  planted  May 
13, 1902,  at  the  extreme  southwest  comer  of  the  permanent  series  of  plats.  *  *  * 
The  land  was  plowed  early  and  harrowed  at  intervals  till  the  time  of  planting.  Seed 
was  sown  with  a  hand  drill,  the  distance  between  the  rows  being  22  inches.  The 
dates  of  cultivation  seem  not  to  have  been  recorded,  but  the  crop  was  wxll  cared  for, 
no  weeds  being  observed  when  the  plats  came  into  the  writer's  care  in  September. 
The  plants  were  thinned  to  a  stand  on  June  19.  When  harvesting  began  on  Septem- 
ber 18  the  beets  were  immature,  and  the  soil  had  been  very  wet  most  of  the  time 
since  early  June.  The  last  days  of  September  were  bright  and  sunny.  October  was 
nearly  normal  as  regards  precipitation,  but  the  soil  was  still  quite  wet  from  earlier 
rains.  November,  up  to  the  25th  of  the  month,  was  unusually  warm,  with  little 
rainfall.  Second  growth  had  taken  place  to  a  considerable  extent.  *  ♦  ♦  The 
following  are  the  dates  of  harvesting  and  data  relating  to  the  same: 

Agricultural  data  determined  at  Ithaca. 


Date  of  harvest. 


1902. 

September  18 : . . , 

September  25 

October  2 

October  9 

October  17 

October  25 

November  1 

November  10 

November  17 

x^iuvember25 

Average 


Number 
of  beets 
in  60  feet. 

Total 
weight 

with 
crowns. 

Weight 
of  25 
beets. 

Dockage. 

Estimated 
yield  per 

acre 
(trimmed). 

Pounds. 

Pounds. 

Prrceni. 

Tom. 

67 

68.0 

2.5.0 

10.4 

14.47 

66 

70.0 

26.0 

12.5 

14.56 

62 

82.0 

35.0 

8.6 

17.83 

64 

82.0 

83.0 

8.5 

18.24 

71 

87.0 

34.5 

10.0 

18.61 

60 

91.5 

87.0 

9.8 

19.72 

63 

85.5 

83.5 

10.5 

18.18 

58 

79.5 

85.0 

9.0 

17.19 

63 

94.5 

87.0 

8.7 

20.75 

60 

102.5 

4.'i.0 

14.0 

20.94 

63 

84.3 

31.1 

10.1 

18.05 

Evidently  the  per  cent  of  dockage  was  materially  increased  at  the  last  date  owing 
to  the  second  growth  and  the  consequent  increase  in  the  weight  of  the  crown.  How- 
ever, it  is  evident  that  at  different  dates  of  harvest  the  manner  of  trimming  the 
beets  waa  not  quite  uniform  or  the  per  cent  of  dockage  would  not  vary  so  irregularly. 

The  following  tables  show  the  data  determined  at  Washington  on 
the  beets  shipped  from  the  Ithaca  station,  and  also  the  climatic  con- 
ditions under  which  they  were  grown: 
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AgriculHiral  and  analytical  daia  on  beds  grown  at  lihacaj  N.  Y, 


Date  received. 


1902. 

September  22 

September  30 

October  7 

October  14 

October  21 

October  29 

November  7 

November  14 

November  22 

November  29 

Average 


Average 
weight 
after  top- 
ping. 

Estimated 

yield  per 
acre. 

Chinees, 

Tons. 

13.1 

10.9 

18.8 

10.9 

17.3 

14.1 

16.6 

20.1 

17.9 

20.5 

19.8 

21.4 

16.6 

20.0 

17.6 

19.2 

16.0 

19.9 

21.6 

28.0 

17.03 

18.0 

Sugar  in 
juice. 


Sugar  in 
beet. 


Per  cent.  '  Per  cent. 


13.1 
12.9 
11.7 
12.1 
13.2 
14.0 
14.2 
14.3 
14.4 
13.6 


Purity 
coeffi- 
cient 


18.3 


12.1 
11.9 

10.8  I 

13.9  ! 
11.1 
12.9 
13.1 
13.1 
13.2 
12.6 


12.5 


81.9 
82.7 
79.1 
79.6 
81.5 
83.8 
85.0 
85.6 
82.7 
76.8 


81.87 


Meteorological  data  for  Ithaca^  N.  Y. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Clear 
dasrs. 

Cloudy 
days. 

1902. 
Mav         

54.5 
62.2 
69.8 

Inches. 
2.05 
5.39 
6.69 

8 
4 
6 

10 

Jane ; 

6 

Julv         

10 

Averaire  and  total 

62.2 

14.13 

18 

25 

August            

65.6 
61.1 
49.2 

3.13 
2.70 
8.36 

9 
11 
3 

6 

September 

8 

October            

15 

Averaire  and  total 

58.6 

9.19 

23 

29 

General  average  and  sum  total 

60.4 

23.82 

41 

54 

The  agricultural  data  from  the  Ithaca  station  are  very  full  and  satis- 
factory, but  no  chemical  analyses  of  the  samples  were  made  at  the 
station.  The  results  of  our  analyses  show,  as  in  previous  year^,  that 
the  beets  grown  at  the  Ithaca  station  are  slightly  inferior  to  those 
produced  at  the  Geneva  station,  although  the  diflFerence  of  location 
of  the  two  stations  is  not  very  great.  A  comparison  of  the  climatic 
conditions  existing  at  the  two  stations  is  not  directly  possible,  because 
practically  no  data  are  given  for  Geneva  itself.  In  comparing  the 
meteorological  data  given  for  Lyons,  13  miles  from  Geneva,  with  the 
Ithaca  report,  we  find  that  the  temperature  at  Ithaca  is  lower  than  at 
Lyons,  which  would  be  contrary  to  the  general  rule  that  the  lower 
temperature  favors  the  production  of  a  richer  beet. 

THE  VXRGINIA  STATION. 

Details  in  regard  to  the  sugar-l)eet  experiment  at  the  Blacksburg 
station  were  reported  by  Mr.  Alwood,  under  date  of  September  13, 
1902,  as  follows: 

The  land  chosen  for  the  plat  this  year  is  a  fairly  strong  clay  loam  which  had  been 
farmed  in  com  the  two  previous  years  and  heavily  cropx>ed,  using  some  phosphate; 
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how  much  I  can  not  say  poeitively.  This  land  came  to  the  garden  department  last 
fall.  We  covered  it  very  heavily  with  manure  and  plowed  it  in  the  late  fall,  and  it 
was  left  rough  all  winter.  This  spring  before  planting  we  harrowed  the  land  severa 
times  and  then  on  April  30  replowed  and  subsoiled  it  down  to  18  inches.  The  land 
was  put  in  fine  tilth  before  planting.  There  was  so  much  manure  in  the  soil  that 
the  soil  samples  were  not  taken  at  that  time.  *  *  *  On  May  1  the  plat  was  sown 
with  seed  No.  8238,  using  a  garden  drill,  and  placing  the  rows  about  18  inches  apart. 
The  seed  was  sown  thickly  in  the  row.  The  season  turned  exceedingly  dry  from 
May  1  and  has  so  continued  up  to  this  date,  yet  the  fine  condition  of  the  land  has 
enabled  us  to  grow  a  very  fair  crop. 

Vegetation  occurred  in  one  week,  and  for  several  weeks  the  land  was  cultivated 
with  a  hand  tool,  giving  a  shallow  cultivation  once  each  week,  and  the  beets  were 
thinned  as  directed  in  the  instructions.  By  June  30  the  growth  of  tops  was  so  luxu- 
riant that  the  ground  was  practically  hidden  from  view.  On  September  1  the  outer 
leaves  began  to  fall  down  and  rest  on  the  surface  of  the  soil.  On  this  date  50  feet  of 
row  was  sampled,  with  the  following  results: 

Number  of  beets  in  50  feet  of  row 72 

Weight  of  beets,  leaves  removed  only pounds. .  76 

Weight  of  25  beets  not  topped do 31 J 

Under  date  of  September  19  the  following  additional  report  was 
made: 

I  sent  you  yesterday  the  second  sample  of  beets,  and  the  data  concerning  the  same 
are  as  follows: 

Fifty  feet  of  row  in  this  case  dug  only  57  beets.  It  happened  that  this  section  of 
row  had  a  number  of  vacant  spots.  I  have  already  mentioned  that  the  drought  was 
very  severe  here  at  the  time  of  planting.  This  number  of  beets  weighed,  after  tak- 
ing off  the  leaves,  60  pounds.    The  weight  of  the  25  beets  sent  to  you  was  27}  pounds. 

There  was  a  very  heavy  frost  here  last  Sunday  morning,  and  a  somewhat  slighter 
froet  occurred  Monday  morning  [September  14  and  15].  The  result  is  that  the  tope 
of  the  beets  are  now  much  fallen  over,  though  they  are  not  blackened  nor  killed, 
but  I  think  the  crop  is  practically  at  full  maturity,  or  at  least  will  be  next  week. 

The  data  obtained  on  the  sample-s  of  these  beets  shipped  to  Wash- 
ington from  the  Blacksburg  station  are  given  in  the  following  table: 

AgricuUural  and  analytical  data  on  heels  grown  at  Blacksburg^  Va, 


Date  received. 


1902. 

^September  16 

September  20 

September  27 

October  9 

Total 


Average 
weight 
after  top- 
ping. 


Ounces. 
16.0 
13.8 
16.6 
15.0 


15.4 


Estimated 

yield  per 

acre. 


Tons. 


a  16. 7 


Sugar  in 
juice. 


Percent. 
12.0 
13.3 
12.8 
12.9 


12.8 


Sugar  in 
beet. 


Percent. 
11.0 
12.2 
11.8 
11.9 


11.7 


Purity 
coeffi- 
cient. 


71,4 
78.7 
78.6' 
78.7 


74.4 


a  Approximate  estimate  made  on  data  given  in  reports  of  September  1  and  19. 
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The  meteorological  data  reported  for  Blacksburg  are  as  follows: 
Meteorological  data  for  Blacksburg y  Va. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Clear 
days. 

Cloudy 
days. 

May 

1902. 

63.9 
68.4 
72.5 

Inchet. 
1.85 
2.90 
4.09 

20 
10 
10 

2 

June 

8 

July - 

6 

ATerag6  and  total  . . . 

68.3 

8.84 

40 

16 

Au^st 

71.3 
63.2 
55.1 

1.06 
2.22 
3.06 

9 
13 
12 

8 

Beytember 

9 

October - -- -- 

13 

Ayengft  and  total  . . . 

63.2 

6.34 

34 

80 

Gtoneial  average  and 

65.8 

15.18 

74 

46 

Although  Blacksburg  is  considerably  south  of  both  Washington  and 
Lexington,  the  mean  temperature  for  the  six  months  of  the  growing 
season  is  2.8^  less  than  at  Washington  and  3.5°  lower  than  at  Lexing- 
ton. The  low  latitude  of  coui'se  produces  a  shorter  length  of  day  for 
the  growing  season,  so  that  the  hours  of  sunlight  at  Blacksburg  are 
fewer  than  at  Washington  or  Lexington.  Nevertheless  the  low  tem- 
perature occasioned  by  the  great  altitude  is  reasonably  favorable  to 
the  production  of  beets  with  a  high  content  of  sugar.  The  purity  of 
the  juices,  however,  is  far  below  the  standard  for  beets  of  a  richness 
of  almost  12  per  cent.     The  yield  per  acre  is  fairly  satisfactory. 

THE  WISCONSIN  STATION. 

A  detailed  and  very  interesting  report  on  the  sugar-beet  experiment, 
as  conducted  at  Madison,  was  made  by  Mr.  F.  W.  WoU,  station  chem- 
ist, and  Mr.  R.  A.  Moore,  agriculturist.  The  report  is  given  practi- 
cally in  full,  as  follows: 

The  land  on  the  university  farm  devoted  to  sugar  beets  during  the  past  season  was 
about  two-fifths  of  an  acre  in  area.  The  soil  is  a  clay  loam  with  a  heavy  clay  sub- 
soil and  has  a  decided  tendency  to  bake  after  rains,  a  thick,  solid  crust  being  then 
formed  on  the  surface.  During  the  frequent  heavy  rains  in  June  and  July  the  soil 
became  quite  hard  and  compact,  and  the  effect  of  this  w^as  seen  in  the  shape  of  the 
beets  harvested,  many  of  them  being  forked  and  abnormally  thick  and  short. 

The  field,  which  lies  in  the  western  portion  of  the  experimental  plat  grounds,  was 
divided  into  7  plats  of  one-twentieth  of  an  acre  each.  Cereal  and  rape  crops  were 
grown  on  plats  Nos.  1  to  6  during  the  two  previous  seasons,  while  the  two  plats 
farthest  north  (Nos.  6  and  7)  were  in  clover  during  these  years.  The  field  was  in 
a  high  state  of  fertility.  A  medium  application  of  barnyard  manure  was  put  on  plats 
Nob.  1  to  5  in  the  fall  of  1901  previous  to  plowing,  while  plats  Nos.  6  and  7  were 
plowed  about  6  inches  deep  in  the  spring  of  1902.  In  additicm  to  barnyard  manure 
three  of  the  plats  received  the  following  artificial  fertilizers:  Plat  No.  4,  50  pounds 
of  Armour's  Sugar-Beet  (Grower,  29  pounds  of  nitrate  of  poda,  and  20  pounds  of  sul- 
phate of  potash.    The  commercial  fertilizers  were  harrowed  in  directly  before  plant- 
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ing,  except  in  esse  of  the  nitrate,  of  which  one-half  was  applied  at  planting  time  and 
the  remainder  when  the  beets  were  thinned. 

The  beet  field  was  disked  and  harrowed  on  April  15,  and  again  on  April  24,  when 
the  seed  bed  was  carefully  prepared  and  the  seed  planted  in  rows  18  inches  ai)art,  at 
the  rate  of  20  pounds  to  the  acre.  The  field  was  harrowed  lightly  after  the  seed  was 
put  in.  It  was  cultivated  with  a  hand  cultivator  on  May  8, 19,  22,  and  June  3.  The 
beets  were  hand-hoed  on  May  22  and  June  20,  and  thimied  on  May  26,  so  that  the 
plants  stood  approximately  9  inches  apart  in  the  row.  The  field  did  not  receive  any 
further  treatment  after  Jime  20  until  harx^esting  time,  except  that  all  weeds  were 
pulled  by  hand  on  July  21.  The  stand  of  the  beets  was  perfect  and  the  field  pre- 
sented a  fine  appearance,  the  beets  looking  thrifty  and  strong  throughout  the  growing 
period. 

Owing  to  the  abtmdance  of  moisture  during  the  summer  months  and  the  cool 
weather  during  August  and  September  the  beets  matured  later  than  is  usually  the 
case  in  this  locality.  Samples  of  the  beets  grown  on  plat  No.  4  were  taken  every 
week  from  September  14  to  October  11,  as  requested  by  the  Bureau  of  Chemistry, 
United  States  Department  of  Agriculture.  The  beets  in  50  feet  of  row  were  dug  and 
weighed  before  and  after  being  washed,  3  beets  of  average  size  being  taken  in  each 
case  for  a  sample.  The  results  of  the  weighings  and  analyses  made  on  the  different 
dates  of  sampling,  as  obtained  at  this  station,  are  shown  in  the  following  table: 

Agricultural  and  analytical  data  determined  at  Madison,  Wis. 


Date  of  aampling. 


September  14.. 
September  20. . 
September  27.. 

October4 

October  11  .... 


Avera«re.. 


Average  weight. 

BeetHas    I   Washed; 
dug;       I  topped  be- 
topped  at  I    low  leaf 
crown.     I      buds. 


Pounds.    I  Pounds. 

1.5  !  1.08 

1.6  I  1.17 
1.8  I  1.58 
1.8  1.58 

1.26 


1.7  I 


1.32 


Estimated 

yield  per 

Sugar  in 

Sugar  in 

acre 

juice. 

beet. 

(washed). 

7bn«. 

Percent. 

I'ercaU. 

30.0 

14.4 

13.3 

27.3 

14.3 

18.2 

34.8 

14.0 

12.9 

83.1 

16.7 

14.4 

29.7 

13.8 

12.7 

Purity 
coeffi- 
cient. 


78.6 
79.8 
83.3 
81.0 
77.4 


31.0 


13.3 


79.9 


.  Single  analyses  do  not  always  give  a  correct  indication  of  the  maturity  of  the  beets 
at  the  time  of  sampling,  and  the  results,  therefore,  should  not  be  interpreted  too 
strictly.  But  slight  improvement  occurred  in  the  sugar  content  or  purity  of  the 
beets  after  the  first  sampling,  as  far  as  could  be  observed. 

The  following  table  shows  the  data  obtained  at  the  Bureau  of  Chem- 
istry for  the  samples  shipped  from  the  Madison  station  on  the  dates 
of  sampling  given  in  the  preceding  table: 

Agricultural  and  analytical  data  on  beets  grown  at  Madison,   Tf'w.,  as  determined  at 

Washington,  D.  C. 


Date  received. 


1902. 

September  17 

September  30 

October  1 

October  9 

October  21 

Average 


Average 

weight 

after 

topping. 


Ouncea. 
17.8 
20.2 
16.3 
25  9 
40.6 


Estimated 

yield  per 

acre. 


24.2  I 


Tons. 


27.3 

a^.o 

33.0 


31.8 


Sugar  in 
juice. 


Per  cent. 
13.6 
14.0 
14.5 
13.0 
13.9 


13.8 


Sugar  in 
beet. 


Jkr  cent 
12.5 
12.9 
13.3 
12.0 
12.8 


12.7 


Purity 
coeffi- 
cient. 


82.4 
80.6 
84.8 
79.8 
83.2 


82.0 
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The  report  of  the  "Wisconsin  station  continues  as  follows: 

Usually  heeta  grown  in  this  locality  are  ready  for  harvesting  during  the  first  half 
of  the  month  of  September.  The  beets  this  year,  however,  were  not  harvested  until 
October  11.  Those  grown  on  the  different  plats  were  of  course  kept  separate,  w^hile 
those  grown  in  the  spaces  between  the  plats  were  thrown  together  and  sampled  sep- 
arately, the  data  for  these  beets  being  given  under  plat  No.  8  in  the  following  table: 

Agricultural  and  aiwlytical  dcUa  determined  at  Madiaon  at  the  time  of  harvest. 


put  No. 

Average 
weiglit. 

Yield  per 
plat.(i 

Yield  per 
acre. 

Sugar 
per  acre. 

Sugar  in 
juice. 

Sugar  in 
beet. 

Purity 
coeffi- 
cient. 

1 

Pounds. 
1.34 
1.42 
1.27 
1.26 
1.44 
1.42 
1.46 
1.12 

Pounds. 
3,196 
3,(M2 
3,115 
2,974 
3,0&t 
2,814 
2,766 
2,633 

Tons. 
32.0 
30.4 
31.2 
29.7 
30.5 
28.1 
27.6 
29.9 

Pounds. 
8,371 
8,637 
8,811 
7,489 
8,333 
7,789 
7,529 
8,647 

lucent. 
14.22 
15.49 
16.37 
13.77 

14.  as 

16.06 
14.83 
16.72 

PerceiU. 
13.08 
14.26 
14.14 
12.67 
13.66 
13.86 
13.64 
14.46 

85.2 

2                 

82.6 

3 

87.3 

4.                  

81.0 

5 

83.1 

(J      

85.1 

76 

88.4 

8.              

85.0 

Total  and  average 

1.34 

23,483 

29.9 

8,213 

14.91 

13.72 

ai.5 

a  Each  plat  about  one-twentieth  of  ah  acre. 
b  Beets  taken  from  spaces  between  plat<«. 

The  most  striking  feature  of  the  results  presented  in  the  preceding  table  is  the 
large  tonnage.  More  than  11  tons  of  washed  beets  were  harvested  from  an  area  of 
only  about  two-fifths  of  an  acre,  which  represents  a  yield  of  nearly  30  tons  per  acre. 
This  is  an  extraordinary  tonnage,  which  has  never  been  equaled  in  previous  trials 
with  sugar  beets  at  this  station.  The  following  summary  shows  the  average  yields 
of  sugar  beets  obtained  at  the  university  farm  during  the  past  twelve  years: 

Ai'erage  annual  yield  of  sugar-beet  crop  for  twelve  years. 


Season. 


1890 
1891 
1892 
1897 
1898 


Yield  per  Sugar  per 

acre. 

acre. 

Tons. 

Pr/unds. 

19.80 

6,913 

7.34 

2,267 

11.81 

8,821 

9.13 

2,503 

18.71 

5,812 

18.83 

6,806 

Season. 


1900 

1901 

1902 

.\verage 


Yield  per  Sugar  per 
acre.     I     acre. 

Tbns.  Pounds. 

16.99  3,862 

10.97  2,628 

29.94  8,213 


15.89 


4,268 


The  unusually  large  tonnage  of  1902  is  no  doubt  to  be  attriouted  to  the  following 
three  causes:  The  abundant  supply  of  moisture  during  the  growing  season;  the  high 
state  of  fertility  of  the  soil  on  which  the  seed  was  planted;  and  the  long  vegetation 
period  which  obtained,  the  seeds  having  been  planted  and  the  l>eets  thinned  nearly 
one  month  earlier  than  had  been  the  practice  in  previous  years.  While  the  beet 
field  was  not  large  there  would  have  been  no  difficulty  in  securing  a  yield  of  the 
game  proportions  for  a  larger  area  had  there  been  a  sufficient  force  at  the  University 
fsLTta  to  cultivate  it. 

The  expense  of  growing  an  acre  of  beets  under  ordinary  conditions  is  generally 
estimated  to  be  from  $25  to  $30.  Beets  of  the  quality  of  those  grown  at  the  Univer- 
sity farm  during  the  i)ast  season  are  paid  for  at  the  sugar  factory  at  Menomonee 
Falls,  Wis.,  at  the  rate  of  $4.42  per  ton.  This  would  make  the  product  from  an  acre 
worth  $132.60,  a  net  profit  of  upward  of  $100  per  acre.  The  expense  (,f  the  labor 
required  to  keep  the  field  free  from  weeds  was  higher  this  year  than  in  ordinary 
seasons  on  account  of  the  difficulty  in  getting  to  the  field  at  the  right  time  after  the 
many  heavy  rainstorms  during  the  early  i)art  of  the  summer.     The  profit  of  growing 
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an  acre  of  beets  with  a  yield  like  that  secured  during  the  past  season  would  at  all 
events  be  very  large.  The  results  of  investigations  conducted  at  this  station  in  the 
past  have  shown  that  even  if  the  yield  of  beets  should  be  only  one-half  of  that 
obtained  this  year  the  beet  crop  would  still  be  a  very  profitable  one  for  Wisconsin 
farmers  to  engage  in  if  they  are  within  a  reasonable  distance  of  a  beet  factory.  Esti- 
mating the  value  of  the  beets  and  the  cost  of  growing  them  as  above,  there  would 
still  be  a  net  profit  on  a  crop  of  half  the  size  of  that  of  1902  of  about  $40  per  acre  of 
beets  grown.  It  is  believed  that  there  are  few  crops  that  can  be  grown  in  this  State 
which  will  pay  better  during  a  series  of  years  than  sugar  beets,  provided  proper 
attention  is  given  to  the  crop.  As  one  sugar  factory  has  been  in  operation  in  this 
State  for  two  seasons,  and  one  or  two  more  will  in  all  probability  be  erected  in  time 
for  next  season's  crop  the  farmers  in  many  localities  in  our  State  will  soon  have  an 
opportunity  to  engage  in  the  growing  of  sugar  beets  for  factory  purposes.  The  practi- 
cal importance  of  the  subject  to  the  farmers  of  Wisconsin  is  therefore  evident. 

In  the  following  table  are  given  the  climatic  data  available  for 
Madison.  Mr.  Shaw,  in  commenting  on  the  season,  said  that  the  exces  • 
sive  rains  of  July,  followed  by  almost  continuous  cloudy  weather,  while 
unfavorable  for  cereal  crops,  was  very  favorable  to  the  growth  of 
green  forage  and  root  crops,  of  which  large  yields  were  harvested. 

Meteorological  data  for  Madison^  Wis, 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Clear 
days. 

Cloudy 
days. 

1902. 
May 

69.8 
68.2 
71.8 

Inches. 
5.16 
4.27 
8.98 

3 
8 
4 

17 

June 

18 

July 

13 

Average  and  total 

64.8 

18.41 

10 

48 

August 

66.8 
58.2 
61.4 

.78 
4.18 
1.23 

11 
8 
9 

7 

8ei>tenii)er 

13 

October 

8 

Average  and  total 

58.8 

6.19 

28 

28 

General  average  and  total 

61.8 

24.60 

38 

76 

The  agricultural  data  obtained  from  the  Wisconsin  station  are  par- 
ticularly satisfactory  in  their  fullness  and  detail.  The  yield  per  acre, 
as  estimated  from  the  harvested  areas,  is  extremely  high.  The  average 
weight  of  the  beetij  is  particularly  satisfactory,  and  it  is  only  with 
beets  of  this  average  weight  that  such  high  yields  can  be  obtained. 
In  the  samples  harvested  on  October  21  and  sent  to  this  Bureau  the 
average  weight  of  the  beets  was  phenomenally  high,  and  yet  there  was 
no  decrease  either  in  the  percentage  of  sugar  in  the  beet  or  in  the 
purity ;  in  fact,  this  sample,  lioth  in  respect  of  the  sugar  in  the  beet  and 
purity,  was  al)ove  the  average  of  the  other  samples.  There  is  a  slight 
discrepancy  between  the  analytical  data  obtained  at  Madison  and  at 
this  Bureau,  in  that  the  figures  obtained  at  Washington  for  the  con- 
tent of  sugar  and  purity  are  somewhat  lower.  The  high  yield  may 
be  attributed  to  a  naturally  fertile  soil,  well  prepared,  judicious  fer- 
tilization, timely  culture,  and  a  favorable  amount  and  distribution  of 
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rainfall.  During  the  first  growing  period  of  three  months  the  rainfall 
was  probably  excessive,  and  especially  was  this  true  of  the  month  of 
July.  August,  as  at  most  of  the  stations,  was  a  dry  month,  and  Sep- 
tember somewhat  too  wet.  October  was  favorable  for  ripening  and 
harvesting.  The  mean  temperature  was  low,  thus  favoring  a  high 
sugar  production.  The  record  for  this  year,  upon  the  whole,  must  be 
regarded  as  extremely  satisfactory,  and  may  well  be  taken  as  a  model 
for  work  of  this  kind. 


EXPEEIMENTS  CONDUCTED  IN  I£|tIGATED  SECTIONS. 

THE  GAIilFOBNIA  STATIONS. 

A  very  complete  and  interesting  report  was  received  from  G.  W. 
Shaw,  of  the  California  station,  in  regar4  to  the  sugar-beet  experi- 
ment as  conducted  at  that  point.     The  report  is  here  given  practically ' 
in  full: 

The  cooperative  experiment  with  sugar  beets  was  conducted  under  the  supervision 
of  the  writer  at  the  Pomona  substation  grounds  and  on  the  10-acre  tract  at  Ohino. 
These  localities  are  but  a  few  miles  apart,  and  theif  climatic  conditions  are  the  same, 
the  only  difference  in  the  two  localities  being  in  the  character  of  the  soil,  and  in  the 
fact  that  at  Pomona  the  beets  were  grown  under  irrigation  and  at  Chino  without 
irrigation.  The  soil  was  prepared  by  a  deep  spring  plowing,  and  worked  to  a  fine 
tilth.  The  seed  was  planted  on  April  2,  in  drills  20  inches  apart,  the  entire  plat 
being  160  by  75  feet. 

Pomona  (Irrigated). 

The  seeds  were  slow  to  germinate,  and  on  April  14,  the  beets  on  the  Pomona  tract 
w^ere  irrigated  to  hasten  germination.  To  secure  a  uniform  stand  beets  were  trans- 
planted to  fill  vacant  spaces  in  the  rows  on  May  6,  and  again  on  May  14,  and  the 
plat  was  thinned  from  May  6  to  8. 

Including  the  early  irrigation  mentioned  above,  the  beets  received  the  following- 
named  quantity  of  water  on  the  dates  given: 

Irrigaiion  data,  Pomona,  Col, 


Date  of  irrigation. 

Amount  of  water  remaining:  on 
plat. 

April  14 

1902. 

QaUoM. 

12,500 
6.000 

14.000 
8,750 
8,575 
8.575 
8,675 

Cubic/eet. 
1,763 
669 
1,875 
1,172 
1.172 
1,172 
1.172 

Acre  inches. 

May  20 

June  17 

July  16 

July  22 

July  29 

AUgUHt  i> 

Total 

65,974  ^            7.82S 

8.82 
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The  above  figures  represent  the  actual  amount  of  water  remainmg  on  the  plat,  as 

the  wastage  was  estimated  as  exactly  as  possible  and  subtracted  from  the  amount 

applied.     In  addition  to  the  8.82  acre-inches  of  'water  received  by  irrigation,  the  soil 

had  the  benefit  of  the  following  natural  rainfall  during  the  year: 

Inches. 

October,  1901 2.29 

November 67 

January,  1902 1.92 

February 3.35 

March 3.85 

April 25 

May 10 

Total  by  rainfall 12.43 

Total  by  irrigation 8.82 

Total  water 21.25 

Of  this  total  amount,  9.17  inches  were  applied  after  planting.  It  should  be  stated 
that  the  soil  is  not  one  retentive  of  moisture,  and  except  for  irrigation  would  not 
produce  a  crop  requiring  as  much  moisture  as  sugar  beets,  although  the  season  in 
this  locality  in  other  particulars  would  be  considered  as  favorable  for  the  crop.  The 
analytical  and  field  data  on  the  crop  of  1902  are  as  follows: 

Agricultural  and  analytical  data  determined  at  Pomona^  Col. 


Date  harvested. 

Yield  per 
acre. 

Sugar  in 
juice. 

Sugar  in 
beet. 

Purity 
coeffi- 
cient 

1902. 
September  26 

Tons. 

Per  cent. 
18.7 
17.8 
16.5 
16.3 
16.8 
15.1 
16.8 

Percent. 

83.8 

October4 

15.48 

85.6 

October  11 

91.0 

October  18 

14.60 
15.00 

84.5 

October26 

87.7 

November  1 

87.4 

November  8 

85.6 

Average 

5.0 

16.4 

16.02 

86.6 

It  will  be  noted  that  the  beets  sampled  first  had  the  highest  percentage  of  sugar, 
and  it  may  be  that  an  earlier  sampling  would  have  shown  even  a  higher  sugar  con- 
tent. During  the  period  of  sampling  the  beets  lost  about  3  per  cent  in  sugar,  but 
gained  that  much  in  purity;  hence  tlie  actual  sugar  content  remained  about  the 
same.  There  was,  however,  no  decided  increase  in  tonnage.  The  planting  of  the 
beets  was  decidedly  too  late  for  this  coast,  producing  a  disastrous  effect  on  the  yield, 
which  was  but  a  trifle  over  5  tons  per  acre.  The  poor  quality  of  the  soil  also 
influenced  the  low  yield  to  a  great  extent. 

The  factor  showing  the  relation  of  sugar  in  the  beet  to  sugar  in  the  juice,  as  deter- 
mined by  the  hot  aqueous  method,  was  91.6,  which  my  experience  leads  me  to 
believe  to  be  much  nearer  the  truth  for  beets  in  the  Western  States  than  the  time- 
honored  one  of  95  so  commonly  used  and  accepted  as  correct. 
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Chino  (Alkali  Soil,  not  Ibbigated). 

The  results  obtained  on  the  10-acre  alkali  tract  at  Chino  are  shown 
in  the  following  table: 

AgricuUurcU  and  analytical  data  determined  at  Chino,  Chi. 


Date  harvested. 


1902. 

September  26 

October  4 

October  11 

October  18 

November  1 

November  8 

December  2 

Average 


Estimated 

yield  per 

acre. 


TOTIS. 

7.40 
6.46 
18.8ft 
15.71 
8.65 
9.58 
11.71 


10.84 


Sugar  in  iP^fj^y 


Per  cent. 
17.00 
17.65 
14.70 
16.30 
18.70 
18.10 
14.42 


87.2 
89.6 
87.5 
89.5 
87.7 
85.6 
88.8 


16.27 


8.1 


The  results  on  this  land  are  clearly  favorable,  and  show  that  beets  of  high  quality 
can  be  produced  upon  soil  containing  at  least  5,480  pounds  of  alkali  per  acre-foot, 
and  other  experiments  show  that  this  amount  may  be  exceeded  provided  the  per- 
centage of  chlorids  and  carbonates  does  not  rise  too  high. 

It  is  noticeable  that  the  beets  grown  on  this  tract  also  fell  off  materially  in  sugar 
content  after  October  1.  This  was  not  due  m  either  case  to  rainfall  nor  to  irrigation, 
since  from  May  until  November  24  there  was  no  rain,  and  irrigation  was  discontinued 
on  August  5  at  Pomona.  Just  why  there  should  be  this  sudden  decrease  in  sugar  is 
not  clear;  the  fact,  however,  is  quite  striking  in  both  cases.  The  average  factor 
showing  the  relation  between  the  sugar  in  the  beet  and  the  sugar  in  the  juice  for 
this  plat  was  93.1. 

The  meteorological  data  furnished  by  the  voluntary  station  near 
Pomona,  considered  in  connection  with  those  from  the  Los  Angeles 
station,  about  15  miles  west  of  the  Pomona  and  Chino  experiment 
grounds,  give  a  complete  record  of  the  climatic  conditions  for  the 
growing  season. 

Meteorological  data  for  [near)  Pomona,  Col, 


Month. 

Mean 

Precipi- 

Sunshine. 

Clear 
days. 

Cloudy 

IX'"  I  ^^^«"- 

Actual,   j  Possible. 

Percent. 

days. 

1902. 
May 

°F.          Inches. 
64. 1            0. 10 
72.5              .23 
74.0              .00 

Hours. 

Hours. 

18 
11 
6 

2 

June 

0 

July 

0 

Average  and  total' 

70.2  1           .83 



30 

2 

August 

73.8 
72.8 
62.6 

.00 

8 
11 
18 

0 

September 

.00 
.26 

0 

October 

4 

Average  and  total 

69.7 

.26 

87 

4 

General  average  and  sum 
total 

70.0 

.59 

67 

5 
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Meteorological  data  for  Los  AngeleSf  Cal. 


Month. 

Mean 
temper- 
ature. 

Precipi- 
tation. 

SunHhine, 

Clear 
days. 

Cloudy 

Actual. 

Possible. 

Per  cent. 

dayii. 

1902. 
May 

60.7 
66.4 
68.4 

Inches. 
0.03 
Tr. 
Tr. 

Hours. 
318.8 
295.4 
268.7 

Hours. 
432.6 
481.5 
439.7 

74.0 
68.0 
61.0 

8 
10 
9 

1 

June 

July 

1 
3 

Average  and  total 

65.2 

.03 

67.7 

27 

6 

August 

69.1 
69.2 
68.2 

Tr. 
Tr. 
.40 

314.0 
276.2 
236.0 

415.8 
371.8 
350.9 

76.0 
74.0 
67.0 

12 
11 
11 

0 

September 

1 

October 

6 

Avenge  and  total 

67.2 

.40 

72.8 

34 

7 

General  average  and  sum 
total 

66.2 

.43 

70.0 

61 

12 

The  work  inaugurated  with  irrigation  stations  marks  the  beginning 
of  the  study  of  a  new  consideration  as  aflfecting  the  activity  of  differ- 
ent factors  of  the  environment  upon  the  composition  of  the  crop.  In 
the  reports  from  the  California  stations  just  given  we  find  an  illustra- 
tion of  what  has  been  well  demonstrated  regarding  the  ability  of  irri- 
gated lands  to  produce  crops  of  sugar  beets  phenomenally  rich  in 
sugar.  At  the  Pomona  station  the  3neld  per  acre  is  not  satisfactor}*^, 
although  with  such  rich  beets  as  were  there  raised  the  farmer  could 
secure  a  satisfactory  monetary  return  for  the  crop  produced.  The 
yield  was  not  quite  one-half  as  large  as  that  produced  on  the  Chino 
plat  which  was  not  irrigated.  This  is  evidently  a  case  in  which  a 
judicious  intensive  fertilization  would  very  largely  increase  the  yield 
without  diminishing  to  any  notable  extent  the  percentage  of  sugar  or 
the  purity  of  the  juice,  and  would,  therefore,  be  highly  profitable. 

In  regard  to  the  meteorological  data  the  principal  points  to  be  con- 
sidered are  that,  although  the  mean  temperature  for  the  six  growing 
months  is  higher  than  at  Washington,  there  were  no  periods  of  intense 
heat;  June,  July,  August,  and  September  had  almost  an  even  temper- 
ature. At  Los  Angeles  there  was  also  an  even  temperature,  Septem- 
ber being  the  warmest  month.  The  general  average  for  the  six  months 
was  3.8^  lower  than  at  Pomona.  The  luinfall  at  both  stations  was  so 
small  as  to  be  negligible.  The  high  percentage  of  sunshine  is  of 
course  to  be  expected  under  such  meteorological  conditions  as  obtained 
at  the  California  stations  mentioned.  It  is  evident  that  continuous 
sunshine,  where  the  temperature  does  not  run  too  high,  is  not  injuri- 
ous in  any  way  to  the  functional  activity  of  the  chlorophyll  cells. 
Where  sufficient  moisture  is  supplied  by  irrigation  and  a  proper 
quantity  of  suitable  plant  foods  exists,  the  other  conditions  combine  to 
make  such  regions  almost  ideal  for  beet  culture. 
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THE  COLORADO  STATION. 

As  several  sugar-beet  experiments  were  conducted  at  the  Colorado 
station  in  1902,  it  has  been  impossible  to  separate  ail  mention  of  the 
other  work  from  that  carried  on  with  seed  No.  8238  of  this  Bureau, 
especially  since  all  the  beet  plats  received  the  same  treatment  and  were 
planted  at  the  same  time,  each  plat  being,  however,  clearly  distin- 
guished from  the  others.  The  following  extracts  from  the  general 
report  made  by  A.  H.  Danielson,  agronomist  of  the  Colorado  station, 
give  the  details  of  the  conduct  of  the  experiment  at  Fort  Collins: 

The  soil  this  season  had  been  plowed,  harrowed,  and  leveled  with  a  drag  until  iir 
was  in  the  beet  possible  condition.  As  a  result  of  the  rain  and  snow  storm  on  Aprff- 
14  there  was  plenty  of  moisture  in  the  soil  to  insure  the  germination  of  the  se^df 
The  ground  was  leveled  twice  just  before  drilling  in  the  beet  seed,  stirring  the  0tfir~ 
in  such  a  thorough  manner  as  to  give  the  beets  an  equal  chance  with  the  weeds.  If 
anything,  the  soil  was  a  little  too  loose  and  mellow. 

One  plat  of  variety  No.  8238  was  planted  on  April  17  near  the  edge  of  the  field 
where  the  soil  was  not  in  the  best  possible  condition  on  account  of  the  tramping  of 
the  animals  in  working  the  soil.  However,  this  condition  seemed  to  affect  the  three 
or  four  outside  rows  only.  To  insure  an  equal  comparison  between  the  various 
stocks  of  beets  this  variety  was  again  planted  next  day  near  the  center  of  the  field. 
All  other  varieties  were  planted  on  April  18,  in  rows  east  and  west  20  inches  apart  and 
to  an  average  depth  of  three-fourths  to  1}  inches,  with  a  regulation  "  shoe"  beet  drill 
with  the  press  wheels  on,  set  about  three-fourths  of  an  inch  apart,  so  that  the  soil 
was  not  compacted  immediately  over  the  seed,  but  only  on  each  side  of  the  row. 
There  was  planted  just  two  drill  widths  of  each  variety  or  stock,  making  eight  rows 
of  each. 

Seed  was  planted  at  the  rate  of  about  22  pounds  per  acre,  the  idea  being  to  plant 
enough  seed  to  make  a  full  stand  of  beets.  The  beet  seed  evidently  appreciated  the 
good  treatment  it  had  received;  for  on  the  ninth  day  a  few  were  coming  up,  and  on 
April  28  the  young  plants  were  just  breaking  the  crust.  On  May  2  every  row  was 
showing  distinctly,  with  no  difference  whatever  in  the  rate  of  germination  between 
the  various  stocks  of  seed. 

Thinning  the  beets  to  a  distance  of  8  inches  apart  was  begun  on  May  29,  and  fin- 
ished on  June  6.  At  the  beginning  the  young  plants  had  an  average  of  7  leaves  to 
a  plant  and  at  the  last  the  beets  had  increased  to  an  average  of  12  leaves  to  the  plant. 

When  the  beets  had  attained  some  size  cultivation  was  begun,  the  first  being  given 
on  May  22  with  the  beet  cultivator.  As  a  rule  after  the  beets  had  become  of  some 
size  a  furrow  was  made  between  the  rows  at  the  time  of  cultivating  to  allow  of  irri- 
gation later.  The  water  used  in  irrigating  was  not  measured,  but  from  previous 
experience  a  close  estimate  is  believed  to  be  about  0.3  or  0.4  foot  over  the  ground  at 
each  period.  The  water  was  allowed  to  fiow  between  the  rows  until  the  soil  was 
thoroughly  saturated.* 

The  following  notes  were  made  in  the  field  at  the  time: 

May  22. — Cultivated  with  beet  cultivator  for  the  first  time. 

Mav  24' — The  young  plants  are  ^wing  very  rapidly,  but  some  roots  show  an  attack 
of  a  fungous  disease  UKe  '^^ damping  on."  The  rootis  of  some  of  the  young  plants 
are  dead  and  shriveled  and  others  partly  decayed.  It  is  believed  this  disease  may  be 
due  to  the  fungous  disease  "rhizotonia,  '  which  pervades  our  soils  in  this  locality. 

June  10. — Cultivated  and  furrowed  for  irrigation. 

June  12. — Irrigating  the  beets;  the  water  ran  in  the  furrows  an  average  of  twelve 
hours  each;  some  furrows  had  water  as  long  as  forty-eight  hours.  The  beets  are 
doing  well  and  look  exceedingly  thrifty.  A  fine  stana,  none  missing.  An  inspector 
from  a  sugar  factory  said  it  was  the  best  stand  on  a  small  area  in  the  neighborhood. 
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June  18. — Cultivated. 

June  19. — AVeeds  hoed  out  and  ground  cleaned  by  hand. 

June  i7. — The  beets  are  exceedingly  thrifty,  almost  covering  the  ground;  hardly  a 
weed  in  evidence. 

July  24- — Cultivated  and  furrowed  for  irrigation  at  the  same  time.  The  soil  is  very 
moist  from  recent  rains. 

July  26,  S7y  i?^.'— Irrigated  thorouphljr  with  small  head  of  water.  Water  is  very 
scarce  just  now.    This  is  the  last  irrigation  the  beets  can  receive. 

/w/f/^i.— Weeded  by  hand. 

On  September  12  an  early  frost  damaged  the  leaves  to  such  an  extent  that  the  selec- 
tion of  beets  for  mother  beets,  from  the  character  of  the  leaves,  was  suspended  for  a 
time.  The  leaves  began  to  grow^  again  in  a  few  days,  and  in  a  couple  of  weeks 
an  entire  new  crop  of  leaves  was  out,  when  the  selection  was  continued.  The 
recovery  of  growth  was  helped  greatly  by  the  downpour  of  rain  on  September  20-21, 
amounting  to  nearly  6  inches.  It  was  feared  at  first  that  this  heavy  rain  would  retard 
the  ripening  of  the  beets  or  lessen  the  sugar  content  considerably.  That  this  did  not 
take  place  to  any  great  extent  is  shown  by  the  analysis  of  samples  of  these  beets 
taken  from  one  of  the  plats  during  the  harvesting  season  and  analyzed  at  the  Bureau 
of  Chemistry.  The  results  obtained  on  all  the  samples  sent  to  Washington  for  exam- 
ination are  shown  in  the  following  table: 

Agricultural  and  analytical  data  on  beets  grovm  at  Fort  Collins^  Colo, 


Date  received. 

Average 
weight 
after  top- 
ping. 

Estimated 

yield  per 

acre. 

Sugar  in 
juice. 

"ri*"  "'-•ty- 

1902. 
September  24 

Ounces. 
18.2 
18.3 
19.8 
22.4 
16.5 

Ttms. 
20.2 
26.0 

Per  cent. 
14.0 
13.1 
11.4 
10.6 
14.4 
15.5 
15.1 
16.0 
15.6 
14.9 
14.8 
14.1 

Percent. 

12.9          80.5 

October? 

12. 1          78. 3 

October  9 

10.5          74.0 

October  21 

9.8          6fi.6 

October  28 

20.2 

13.2 
14.3 
13.9 
14.7 
14.4 
13.7 
13.6 
13.0 

81.4 

November  1 

21.4 
21.4 

83.8 

November  11 

31.7 

80.4 

November  14 

19.5 
15.2 
19.5 
20.9 
23.3 

24.3 

28.1 
28.5 
26.7 
20.7 

87.0 

November  22 

84.3 

November  29 

78.0 

December  6 

79.1 

December  13 

79.7 

Average 

1..7 

24.0 

14.1 

13.0 

79.4 

The  general  yield  of  sugar  beets  in  northern  Colorado  this  season  was  not  as  satis- 
factory as  it  might  have  been,  the  average  yield  being  nearly  9  tons  per  acre.  A 
close  study  and  measurement  of  this  field  showed  that  the  stand  of  beets  could  have 
been  at  least  10  per  cent  better,  there  being  one  beet  out  of  every  ten  missing,  or  an 
open  space  in  which  a  beet  should  have  been  growing.  This  was  general  over  the 
field  and  not  confined  to  any  one  variety. 

The  meteorological  conditions  under  which  these  beets  were  grown 
are  given  in  detail  below,  Cheyenne,  Wyo.,  4:0  miles  northeast  of  Fort 
Collins,  being  the  nearest  station  at  which  the  sunshine  data  were  avail- 
able. In  general  the  weather  was  too  dry  for  beets.  At  the  begin- 
ning of  the  ripening  season,  however,  the  event  most  worthy  of  note 
was  the  heavy  September  rain  and  the  general  wet  weather  prevailing 
for  some  weeks  thereafter. 
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Meteorological  data  for  Fort  CoUins,  Colo. 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Clear 
days. 

Cloudy 

Actual. 

Poasible.  Percent. 

days. 

1902. 
Mav 

56.1 
63.6 
66.0 

Inches. 
2.13 
2.43 
1.31 

Hours. 

Hours. 

June 

July 

Average  and  total 

61.9 

5.87 

1 

1 

Au^st 

68.7 
56.8 
48.8 

.67 
7.12 
1.15 

September 

October 

16 

8 

Average  and  total 

58.1 

8.94 

1 

49 

17 

General  average  and  sum 
total 

60.0 

14.81 

1 

94 

32 

Meteorological  data  for  Cheyenne,  Wyo, 


Month. 

Mean 
tempera- 
ture. 

Precipi- 
tation. 

Sunshine. 

Per  cent. 

Clear 
days. 

Cloudy 

Actual. 

Po«58ible. 

days. 

1902. 
May 

52.8 
61,0 
63.8 

Inches. 
2.51 
1.55 
1.49 

Hours. 
245.9 
266.3 
295.2 

Hours. 
449.1 
451.9 

458.6 

55.0 
69.0 
64.0 

7 
7 
10 

12 

June 

12 

July 

7 

Average  and  total 

59.2 

5. 55 

59.3 

24 

81 

August 

67.0 
54.0 
47.8 

0.53 
3.52 
0.52 

261.0 
273.9 

218.2 

427.4 
374.0 
343.9 

61.0 
73.0 
63.0 

9 
14 
11 

7 

September 

6 

October 

10 

Average  and  total 

56.3 

4.57 

65.7 

84 

28 

General  average  and   sum 
total 

57.8 

10.12 

62.5 

58 

64 

In  the  data  from  Colorado  we  have  a  remarkable  contribution  to  the 
study  of  the  eflFect  of  environment  upon  composition.  The  total  rain- 
fall for  the  six  gi'owing  months  was  14.81  inches,  only  2  or  3  inches 
below  the  average  precipitation  for  the  nonirrigated  stations.  The 
distribution,  however,  was  somewhat  unfavorable,  as  nearly  one-half 
the  total  quantity  fell  during  the  month  of  September.  During  the 
dry  months  the  deficiency  in  rainfall  was  corrected  by  irrigation. 
The  temi)eratures  were  low  compared  with  those  of  the  other  irrigated 
areas,  the  average  for  the  six  months  being  only  60^.  There  was  a 
large  percentage  of  clear  days,  and  it  is  evident  that  the  beets  received 
an  abundance  of  direct  sunshine. 

The  yield  per  acre  was  very  heavy,  being  nearly  five  times  that 
obtained  at  the  Pomona,  Cal.,  station,  and  two  and  a  half  times  that  of 
the  nonirrigated  station  at  Chino.  The  percentage  of  sugar  in  the 
beet  is  reasonably  satisfactory,  but  the  purity  is  somewhat  too  low. 
It  is  stated  in  the  report  of  Mr.  Danielson  that  in  richness  the  beets 
in  northern  Colorado  were  not  up  to  the  standard  of  previous  years. 
With  the  large  yields  obtained,  however,  the  yield  of  sugar  must  be 
regarded  as  highly  satisfactory, 
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THE  UTAH  STATION. 

The  following  cultural  and  analytical  data  have  been  reported  by 
Director  Widtsoe  of  the  Utah  station: 

The  beet  plat  was  one-twentieth  of  an  acre  in  area.  Barnyard  manure  was  applied 
at  the  rate  of  20  tons  per  acre  during  the  winter  of  1901-02.  The  plat  was  plowed  10 
inches  deep  and  subsoiled  8  inches  deeper  on  May  12, 1902.  It  was  harrowed  imme- 
diately afterwards  and  seeded  on  May  14,  at  the  rate  of  15  pounds  of  seed  per  acre, 
the  rows  being  20  inches  apart.  The  beets  were  thinned  and  cultivated  on  June  14, 
and  were  irrigated  on  June  11  and  on  August  14,  being  cultivated  two  days  after  each 
irrigation.  On  August  2  the  crop  was  reported  to  be  looking  well,  with  a  medium 
stand,  and  tops  14  inches  high.  The  irrigation  water  was  not  accurately  measured, 
but  was  not  far  from  7  inches  in  depth  over  the  whole  plat  at  each  irrigation. 

AffricuUural  and  analytical  data  determined  at  Logan,  Utah. 


Date  of  harvest. 


1902. 

September  25 

September  30 

Octobers 

October  13 

October  28 

Arera^e 


Avera^ 
weight 
of  beets. 


Ounces. 
11.48 
12.08 
9.87 
13.20 
18.59 


18.0 


Yield  per 
acre.o 


Terns. 
13.8 
12.4 
11.6 
10.9 
23.5 


a  Approximate  estimate  made  at  Washington,  D.  G. 


14.4 


Sugar  in 
juice. 


Percent. 
15.01 
13.50 
14.04 
14.82 
15.40 


14.6 


Sugar  in 
beet.b 


Percent. 
13.8 
12.4 
12.9 
13.6 
14.2 


Purity 

coef- 

flclent. 


13.4 


80.26 
76.70 
81.15 
86.66 
77.88 


80.43 


b  Calculated  at  Washington. 


Only  the  temperature  and  precipitation  records  were  available  for 
Logan,  and  in  connection  with  these  a  full  set  of  meteorological  data 
for  Salt  Lake  City,  about  66  miles  south  of  the  experiment  station,  is 
given. 

Meteorological  data  for  Logan,  Utah, 


Month. 


Mean 
temper- 
ature. 


Precipi- 
tation. 


1902. 

May 

June 

July 

Average  and  total 

August 

September 

October 

Average  and  total 

General  average  and  mim.  total 


55.5 
65.4 
68.4 


59.8 


70.5 
60.4 
41.4 


60.8 


60.8 


Inches. 
2.19 
.74 
.62 


3.45 


.27 

Trace. 

.51 


.78 


4.23 
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Meteorological  data  for  Salt  Lake  City,  Utah, 


Month. 

Mean 
temper- 
ature. 

Precipi- 
tation. 

Sunshine. 

Clear 
days. 

Cloudy 

Actual. 

Possible. 

Percent 

days. 

1902. 
May 

59.2 
69.4 
72.5 

Inches. 

0.33 

.37 

.56 

Hours. 
308.0 
367.1 
372.4 

Hours. 
449.1 
451.9 
458.6 

69 
81 
81 

15 

6 

June 

19               2 

July 

22                4 

1 

A  verag*^  and  total 

67.0 

1.2*> 

j 

77 

56              12 

August 

74.6 
64.1 
66.2 

.15 
.06 
.52 

330.4 
302.4 
280.6 

427.4 
374.0 
343.9 

77 
81 
82 

19                 3 

September 

1? 

6 

October 

6 

Average  and  total 

64.6 

.72 

80 

60 

13 

General   average  and  sum 
total 

65.8 

1.98 

78.5 

116  '             2R 

The  results  of  the  collaborative  experiments  at  Utah  show  the  pro- 
duction of  a  crop  of  about  average  tonnage,  or  at  least  what  the  aver- 
age tonnage  should  be,  a  fair  content  of  sugar,  and  a  purity  which 
reaches  the  standard  for  successful  and  profitable  sugar  manufacture. 

The  average  temperature  of  the  six  growing  months  was  60.3°. 
August  was  the  warmest  month,  its  average  temperature  being  70.5°, 
while  October  was  quite  cool,  having  an  average  temperature  of  41.4°. 
The  precipitation  was  deficient  except  for  the  month  of  May,  and  the 
total  amount  of  rainfall  was  onl}^  4.23  inches  for  the  six  months. 

GENERAL  BEMABKS. 

The  data  from  the  irrigated  sections  are  interesting  in  many  respects 
as  compared  with  those  from  the  stations  where  irrigation  is  not  prac- 
ticed. In  the  fir.st  place  it  is  evident  that  the  extremes  of  heat  which 
are  experienced  in  the  nonirrigated  areas  are  avoided  at  the  irrigated 
stations  where  the  temperature  is  more  equable,  less  prone  to  reach 
extreme  maxima,  and  thus  should  be  favorable,  according  to  the  results 
of  our  investigation,  to  securing  a  high  content  of  sugar.  And  the 
figures  show  that  the  average  percentage  of  sugar  in  the  beets  from 
the  irrigated  areas  is  2.4  per  cent  higher  than  that  of  the  other 
stations. 

There  was  a  marked  deficiency  in  the  rainfall  at  the  California 
stations,  while  in  Colorado  the  total  amount  of  rain  would  have  been 
suflicient  to  produce  a  fair  crop  had  it  been  properly  distributed 
throughout  the  growing  season  instead  of  one-half  of  it  falling  in  a 
single  month,  namely,  September,  when  it  would  probably  be  detri- 
mental to  the  maturing  of  the  beet. 

By  reason  of  the  high  altitudes  there  is  danger  of  unseasonable  low- 
ering of  the  temperature,  as  was  shown  especially  in  Colorado,  where 
severe  frosts  suflScient  to  check  growth  occurred  in  September.  Tt  is 
evident  that  latitude  abstractly  has  little  to  do  with  the  climatic  con- 
7815— No.  78—03 3 
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ditioDH  which  prevail  in  most  of  the  arid  areas  because  by  reason  of 
the  influence  of  the  sea  on  the  western  coast  and  the  high  altitudes 
of  the  plateaas,  which  form  the  greatest  part  of  the  surface  of  the 
arid  States,  the  isothermal  lines  are  greatly  disturbed  in  their  relation 
to  the  parallels  of  latitude.  We  have  thus  introduced  into  the  study 
of  these  stations  a  seriously  disturbing  factor,  the  influence  of  which 
must  be  determined  by  further  investigation.  The  more  extensive 
data  which  we  hope  to  receive  during  the  next  two  years  from  these 
irrigated  areas  will  form  a  basis  for  the  solution  of  this  imj)ortant 
question. 

As  only  three  of  the  irrigation  stations  took  part  in  the  experiment 
and  the  work  has  only  just  been  systematically  inaugurated  no  attempt 
is  made  to  represent  the  data  collected  in  graphic  form. 

THE  SOILS. 

The  following  data,  reported  by  the  cooperating  stations  in  regard 
to  the  soils  on  which  the  beets  were  grown,  are  submitted,  althougli 
the}'  are  of  rather  a  fragmentary  character.  Nevertheless,  they  are  of 
interest  in  connection  with  the  chemical  and  mechanical  analyses  of 
such  samples  as  were  received  for  1902  and  the  data  obtained  in  IDOl.^ 

DESCRIPTIVE  NOTES  ON  SOILS. 

UNIRRIGATED  SOILS. 

Agricultcral  College,  Mich. 
[Nos.  25106  and  25107.] 

Director  Smith  sent  the  following  notes  on  the  sampling  of  soils  at 
the  Michigan  station: 

The  experimental  plat  is  from  the  center  of  a  larjjer  plat  which  ha*^  home  no  crop 
at  all  since  1900.  We  made  an  attempt  to  get  the  soil  sample  from  another  part  of 
the  plat,  but  found  the  conditions  so  irregular  that  we  had  to  go  to  another  part  of 
the  area.  Here  we  found  the  soil  proi)er  to  be  but  6  inches  deep,  the  depth  of  the 
plowing  for  the  years  .the  plat  has  lain  fallow.  The  subsoil  was  rather  irregular,  as 
it  is  bound  to  be  here  in  the  glacial  region.  A  few  years  ago  I  made  a  topographical 
survey  of  certain  plats  on  this  area  on  which  the  varying  yields  of  contiguous  plats 
had  indicated  some  peculiar  conditions,  and  found  that  the  subsoil  rose  and  fell  in 
waves,  the  crests  of  which  were  approximately  a  rcxi  ai)art  with  a  height  of  6  feet. 

The  experiments  were  made  on  Nos.  33  and  lio  of  the  station  ])lats.  These  plats 
are  8  rods  long  and  2  rods  wide.  A  subplat  60  feet  on  each  side  was  laid  off  on  the 
southern  part  of  the  plat,  the  south  line  being  approximately  the  south  line  of  the 
plats  and  the  east  line  of  plat  No.  33.  From  the  center  of  this  plat  a  sample  of  soil 
was  taken  for  analysis  at  Washington.  From  1891  to  1899,  inclusive,  oats  were  grown 
on  these  plats  wnth  the  exception  of  the  years  1893  and  1899,  when  wheat  was  planted. 

«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  74,  The  influence  of  soil  and  climate 
upon  the  composition  of  the  sugar  beet. 
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Ithaca,  N.  Y. 
[Noe.  24898  and  24899.] 

The  soil  used  for  this  ^^ear's  experiment  is  a  gravelly  loam.  It  lays 
at  the  foot  of  a  knoll  and  is  naturally  more  fertile  than  the  average 
soil  of  the  field,  but  it  has  had  no  manure  for  several  years. 

Geneva,  N.  Y. 
[No8.  17M  and  1755  S.  and  F] . 

The  soil  on  which  the  beets  were  grown  is  a  clay  loam  used  in  a  five- 
3'ear  rotation,  as  follows:  1897,  oats;  1898,  wheat  seeded  to  clover  and 
timothy;  1899,  clover  and  timothy,  first  cutting;  1900,  clover  and 
timothy,  second  cutting;  1901,  Indian  corn  or  maize. 

Blacksblrg,  Va. 

[Nos.  25101  and  25105.] 

The  character  of  this  soil,  its  fertilization,  etc.,  have  been  described 
under  the  agricultural  data  given  for  the  Virginia  station.  The 
detailed  account  of  the  taking  of  the  soil  samples  as  forwarded  by 
Mr.  Alwood  is  as  follows: 

Opeiiim/  Xo.  i. — The  top  soil,  10  inches  deep,  grayish,  dark,  almost  slate  colored, 
shows  many  pebbles  and  a  considerable  quantity  of  humus  present.  Soil  is  very  mel- 
low down  to  the  subsoil.  The  line  of  demarcation  between  the  soil  and  the  subsoil 
is  very  distinct.  The  subsoil  at  this  place  is  an  ochreous  yellow,  decidedly  clayey 
in  texture;  and  quite  moist,  firm,  but  not  hard. 

Oj)ening  Xo.  2, — The  top  soil,  12  inches  deep,  had  the  same  color  and  appearance  as 
the  above;  very  mellow,  humus  matter  quite  abundant,  line  of  demarcation  very  dis- 
tinct. Subsoil,  gray  in  color  and  of  very  fine  texture,  was  compacted  into  a  tight 
hardpan,  extremely  dry  and  very  hard. 

(>})€n\ng  Xo.  S. — The  soil  was  the  name  as  No.  2,  12  inches  deep.  The  subsoil  was 
still  harder  than  No.  2,  very  dry  and  with  the  same  general  color. 

The  seaiiion  was  extremely  dry  and  it  appears  that  the  ground  water  failed  to  rise 
through  the  subsoil  at  the  last  two  openings.  At  the  first  opening  the  ground  water 
was  very  evident  in  the  subsoil. 

Madisox,  Wis. 
[Nos.  25108  and  25109.] 

The  soil  is  a  cla^'  loam  with  a  heavy  clay  subsoil.  It  has  a  strong 
tendenc}^  to  bake  after  rains,  a  thick  solid  crust  being  then  formed  on 
the  surface. 

IRRIGATED  SOILS. 

Pomona,  Cal. 

At  Pomona  station  the  sugar-beet  soil  is  a  sandy  loam,  free  from 
alkali.  The  chemical  character  of  the  soil  is  the  same  as  that  of  the 
Pomona  station  tract  in  general,  except  that  it  is  more  diluted  from 
the  admixture  of  a  larger  proportion  of  sand,  thus  diluting  the  plant 
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food  to  some  extent.     An  analysis  of  the  soil  from  the  beet  plat  is  as 
follows: 

Per  cent. 

Coaree  materials  >  0.55  mm 33.00 

Fine  earth 66.00 

Chemical  analysis  of  fine  earth: 

Insoluble  matter 68.40 

Soluble  silica 10.29 

Potash  (KjO) 89 

SociaCXa^O) 42 

Lime  (CaO) 2.53 

Magnesia  (MgO) 1.84 

Oxid  of  manganese  (Mnj04) 02 

Peroxid  of  iron  (Fe^O,) 7.13 

Alumina  (AlA) 4.41 

Phosphoric  acid  (P2O5) 23 

Sulphuric  acid  (SO,) 03 

Carbonic  acid  (CO^) 08 

Water  and  organic  matter 3. 21 

Total 99.48 

Hmnus 58 

Humus  ash 40 

Humus  nitrogen  (per  cent  in  humus) 1. 16 

Soluble  potash  (citric  acid  method ) 058 

Soluble  phosphoric  acid  ( citric  acid  method ) 05 

At  Chino  station  (unirrigated)  the  soil  is  somewhat  heavier  in  char- 
acter than  at  Pomona,  and  more  retentive  of  moisture  as  well  as  more 
fertile.  The  tract  has  been  subdivided  and  in  each  subdivision  the 
alkali  content  has  been  determined. 

Fort  Collins,  Colo. 
[Noa.  25060  and  25061.] 

The  following  comments  on  the  soil  conditions  existing  at  the  Col- 
orado station  are  taken  from  the  report  made  by  Mr.  Danielson:- 

The  ground  on  which  these  beets  were  grown  was  planted  to  potatoes  the  previous 
season  (1901).  The  i)otatoes  had  received  no  water  and  only  one  cultivation.  On 
the  west  side  of  the  plats  the  potatoes  had  been  fertilized  with  lx)ne  meal  and 
nitrate  of  soda  in  strips  running  north  and  south.  The  beets  were  planted  across 
these  fertilized  strips,  so  as  to  give  all  the  varieties  uniform  treatment. 

A  ma.'^s  analysis  is  given  of  soil  from  the  station  farm  from  a  field  not  far  distant 

from  the  one  on  which  these  l)eets  wenj  grown,  and  probably  very  similar.    The 

analysis  was  made  by  W.  P.  Headden. 

Per  cent. 

Silicic  acid 09.356 

Sulphuric  acid 041 

Carbonic  acid 016 

Chlorin r      .006 

Phosphoric  acid 466 

Potash 2.248 

Soda 1.215 
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Per  cent 

Lime 1.645 

Magnesia 1. 412 

Ferric  oxid 5. 424 

Manganic  oxid 160 

Moisture  at  110°  C 2.981 

Ignition 4. 044 

100.352 
Oxygen  eq.  chlorin 001 

100.351 

Samples  of  the  soil  and  subsoil  taken  in  the  middle  of  the  growing  season  from  the 
area  on  which  these  beets  were  grown  were  forwarded  to  Washington. 

ANAIiYSES  OF  SOILS. 

The  chemical  and  mechanical  analyses  of  the  samples  of  soils  and 
subsoils  forwarded  to  Washington  from  the  various  stations  were  made 
in  the  Bureau  of  Chemistry  and  in  the  Bureau  of  Soils  of  this  Depart- 
ment, respectivel}",  and  the  results  are  shown  in  the  following  table: 

Chemical  analyses  of  sugar-l)eei  soils^  1902, 
[Percentages  based  on  water-free  soil.] 


Serial  No. 


Locality. 


^      5 


25100 Lexington,  Ky . . 

2f)101 do , 

25106 Agricultural  Col- 
lege, Mich. 

25107 do 

24898 Ithaca,  N.Y. (Cor- 
nell). 

24899 do 

1754  (S.&F.).,  Geneva,  N.Y.  a.. 

1756(8.&F.). do 

2.=>1(M \  Blacksburg,  Vu . . 

25106 ' do 

25108 Madiwn,  Wis .... 

25109 : do 

251256 1  Washington,  D.  C . 


Irrigated  soil*. 


25060 Fort  Collins,  Colo .   Soil . . . 

25061 do Subsoil 

1756(S.AF.).i  Logan,  Utah c...     Soil... 


Soluble  in 

N/200  HCl. 

Purta  per 

million. 


19,1   '■^ 


7.0     51.6 

'¥.<>  H'.b 


10.7 

114.0 

i.6 

87.0 

5.0 

249.6 

26.0 
1 

48.0 

1 

8.5 

144.6 

25.0   394. « 


(t  Samples  taken  after  crop  was  grown. 

b  Analysis  made  in  1901.    Same  plat  planted  In  1902.    Soil  only  analyzed. 

c  No  subsoil  sent,  as  plat  is  very  shallow  and  underlaid  with  gravel. 
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Mechanical  analyses  of  sugar-beet  soils,  190S, 


Serial  No. 


Locality. 


L„_L 


Or-     Grav- Coarse    urn     I}^f 

Descrip-   ganic    el,  2    sand,  I  aand,   nol*). 

tion.       mat-  ,  tol  iltoO.5'  0.5  to  ^"^\^ 

ter.      mm.  ■  mm.  ,    0.25       ";! 

mm.  * 


I 


25100 Lexington,  Ky . . . 

25101 ■ do 

25106 1  Agricultural  Col- 
lege. Mich 

25107 1 do 

24898 Ithaca,  N. Y.(Cor- 

nell).  I 

24899 do 

1754  (S.  &  F. ) .   Geneva,  N.  Y 

1755(S.«tF.) do 

25104 Blackflburg,  Va . . ; 

25106 ' do I 

25108 1  MadiHon,  Wis.... 

25109 do , 

251250 Washington,  D.C. - 


Irrigated  noil*. 


Perct.  Perct.  Perrt. 

Soil 3.08     0.0<)       1.30 

Subsoil  .     1.43     0.00  ,      .98 
Soil !    2.58  ,  2.30  1    4.48 


I 


25060. 


Subsoil.'      .54 
Soil 3.42 


Subsoil . 

Soil 

Subsoil . 

Soil 

Subi)oil . 

Soil 

Subsoil . 
Soil 


1.14 
.60  1 


4.84 
5.80 


Per  ct.\  Perct. 

1.36  I    1.04 

.50  '      .56 

9.16     33.96 


fine        Silt,    i  ?*£ 
sand,     0.05  to 
0.1  to      O.Oa'i 

0.05 
mm. 


mm. 


0.005 
I     to 

0.0001 
I  mm. 


9.80 
6.50  , 


I 


Fort  Collins,  Colo  I 


Son.... 
Subsoil.  I 
Soil 


L34 

0.00 

8.08 

3.90 

2. 22     4. 88 

4.36 

3.36 

.68     3.10 

4.40 

3.50 

1.82  1  3.56 

3.52 

2.44 

1.23 

3.68 

3.00 

2.36 

3.14 

0.00 

L30 

2.20 

.78 

0.00 

.80 

1.40 

L63 

.34 

L52 

2.91 

2.52 

.08 

8.28 

3.14 

1.09 

.06 

2.  "28 

1.98 

5.83 

1.10 

1.60 

1.94 

32.80 
27.20 

31.06 
10.26 
9.80 
6.58 
6.70 
7.40 
5.62 
16.78 


13.92 

9.48 
22.80 


Perct. 

1.76 

1.24 

14.36 

16.88 
24.84 

34.00 
17.98 
16.80 
10. 10 
8.M  I 
6.40 
6.00 
24.00 


Perct. 
75.90 
76.  ?2 
27.12 


Perct. 
18.58 
19.10 
8.62 


21.06       13.48 
20.30  I    14.88 


17.46  , 
29.84 
27.10 
58.62 
56.64  , 
65.50  ! 
65.60 
38.02 


10.26 
29.90 
35.02 
15.18 
20.78 
16.74 
20.66 
21.40 


24.26  36.12  19.20 
22.20  38.8(J  24.90 
35. 16       22. 5H       14. 80 


250<il do. 

1756  (S.  <k  F.) .   Logan,  Utah  . 
\ ^ 

a  Analysis  made  in  1901.    Same  plat  planted  in  1902.    Soil  only  analyzed. 
COMMENT   ON  ANAIiYSES. 

The  data  of  the  soil  analyses  are  calculated  to  the  water-free  sub- 
stances with  the  exception  of  water  of  composition.  A  general  com- 
parison of  the  soils  of  the  irrigated  and  nonirrigated  stations  shows 
?i  larger  percentage  of  insoluble  matter  in  the  first  named  than  in  the 
latter.  On  the  other  hand,  the  irrigated  soils  show  a  larger  per- 
centage of  volatile  matter  than  the  nonirrigated.  It  is  evident  that 
the  irrigated  soils  are  more  highly  basic  and  the  nonirrigated  soils 
more  highly  acidic  in  character.  The  irrigated  soils  have  a  much 
higher  average  percentage  of  potash  than  the  nonirrigated,  and,  with 
the  exception  of  the  soil  from  Lexington,  they  have  a  higher  average 
content  of  phosphoric  acid.  The  most  marked  difference,  however,  in 
the  two  sets  of  soils  is  in  the  quantity  of  lime  contained,  the  irrigated 
soils  showing  a  very  much  larger  proportion  of  this  important  element. 
This  is  easily  explained  when  it  is  remembered  that  lime  compounds, 
especially  the  carbonate,  are  quite  soluble  in  water  carrying  carbon 
dioxid,  and  thus  the  lime  is  more  thoroughly  leached  from  rain  washed, 
nonirrigated  soils.  The  large  quantities  of  lime  and  potash  present  in 
the  irrigated  soils  can  not  fail  to  be  of  lasting  benefit  to  such  a  crop 
as  the  sugar  beet.  Potash  furnishes  a  most  important  part  of  the  food 
of  the  beet,  while  the  lime  tends  to  favor  the  conditions  producing 
maximum  nitration  of  the  organic  nitrogenous  bodies  which  the  soil 
may  contain. 

The  irrigated  soils,  when  treated  with  dilute  cold  hydrochloric  acid, 
show  larger  quantities  of  potash  than  the  nonirrigated,  with  the  excep- 
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tion  of  the  soil  from  Blacksburg,  Va.  The  latter  soil,  although  it 
does  not  have  a  very  large  percentage  of  potash,  evidently  holds  it  in 
a  state  easily  assimilated  by  growing  crops. 

The  nitrogenous  content  of  the  soils  is  quite  uniform,  but  in  some 
of  the  subsoils,  as  for  instance  those  from  Michigan  and  Virginia,  the 
content  of  nitrogen  is  very  low.  Phosphoric  acid  is  not  verv  abun- 
dant in  any  of  the  soils  except  that  from  Lexington,  Ky.,  which  is  well 
known  as  a  carrier  of  large  quantities  of  this  important  plant  food. 

The  mechanical  composition  of  the  soil  shows  some  interesting  vari- 
ations in  the  distribution  of  the  materials  of  different  degrees  of  fine- 
ness. The  soil  from  the  Lexington  station  is  found  to  be  three-fourths 
silt  while  that  from  the  Ithaca  station  is  only  one-fifth  silt.  The  soil 
from  the  Geneva  station,  where  the  richest  beets  are  produced,  is  com- 
posed of  almost  one-third  silt.  In  general  it  may  be  said  that  so  large 
a  proportion  of  silt  as  is  found  in  the  Lexington  soil  would  tend  to 
produce  a  seed  bed  somewhat  too  compact  for  the  development  of  a 
beet  of  the  best  quality.  Yet  we  find  in  the  soil  from  Madison,  Wis., 
that  the  percentage  of  silt  is  only  10  per  cent  less  than  that  at  Lexing- 
ton. The  yield  of  beets,  however,  at  Madison  and  the  content  of 
sugar  therein  were  both  extremely  satisfactory. 

The  organic  matter  varied  greatly  in  the  different  soils,  being  pres- 
ent in  the  largest  quantity  in  the  sample  from  Logan,  Utah,  and  the 
smallest  in  the  soil  from  Washington,  D.  C,  the  latter  being  an  arti- 
ficial soil  made  from  the  materials  dredged  from  the  bottom  of  the 
Potomac  River.  Among  the  subsoils  the  one  having  the  least  organic 
matter  was  that  from  the  Michigan  station  and  the  highest  content 
was  found  in  the  sample  from  the  Kentucky  station. 

STJMMABT  OF  DATA. 

Agricultural  and  aruUytical  dala^  1902, 


Station. 


I    Mean  Esti-     | 

weight  of !    mated     Sugar  in 
I   topped    yield  per      beet, 
beets.         acre.     I 


Lexington,  Ky 

Washington,  D.  C 

BLaelubuig,  Va 

Ithaca,N.Y 

Madison,  Wis 

Agricultural  College.  Mich. 
Geneva,  N.  Y 


Irrigation  utaiions. 


Fort  Collins,  Colo  . 

Logan,  Utah 

Pomona,  Cal 


Ounces. 
8.0 
22.9 
15.4 
17.0 
24.2 
10.6 
14.3 


19.7 
13.0 


Tone. 
H.9 
26.1 

a  16. 7 
18.0 
31.8 
12.5 
16.1 


24.0  I 
14.4 
5.0 


Per  cent. 
7.3 
8.4 
11.7 
12. 5 
12.7 
13.5 
13.9 


13.0 
13.4 
15.0 


Coeffi- 
cient of 
purity. 


70.9 
72.4 
74.4 

81.9 
82.0 
86.9 
84.6 


79.4 
80.4 
86.6 


a  £gtiinated  on  50  feet  of  row  han'ested  September  1  and  19. 
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Yield  and  »oU  dcUa,  190g.^ 


station. 


Lexington,  Ky 

Agricultural  College,  Mich 

Geneva,  N.  Y 

Blaeksburg,  Va 

Ithaca.N.Y 

Washington,  D.C.b 

Madison,  Wis 

Irrigated  soiUi. 


Pomona, Cal. <* 5.0  I 

Logan.  Vtahd 13. 0 

Fort  Collin.**,  Colo ,      24. 0 


Yield 
per 
acre. 


Chemical  analysis. 


Potash. 


Nitrogen. 


Tons.    Per  cent.    Per  cent. 


8.9 
12.6 
16.1 
16.7  ' 
18.0 
26.1  , 
31.8 


0.18 
.27 
.78 
.33 
.44 
.39. 
.41 


0.19 
.07 
.14 
.10 
.12 
.18 
.10 


Phos- 
phoric 
acid. 


Mechanical  anal3rsi8. 


ToUl 
sand. 


Per  cent.  1  Per  cent. 


.73 
.64 


I 


.10 
.15 


0.63 
.06 
.09  ' 

•11  , 
.14 
.03  I 
.14 


.23  ' 

.22 
.18  i 


4.37 
63.14 
35.23 
21.27 
6«.19 
45.24 
16.66 


Silt. 


Clay. 


Per  cent. 
76.31 
24.09 
28.47 
57.13 
18.88 
38.02 
65.55 


Percent. 
18.84 
11.05 
32.06 
17.98 
12.57 
21.40 
18.65 


I 


61.50  I 
40.27 


22.58 
37.49  I 


a  Average  of  figures  for  soil  and  subsoil  as  platted  on  chartu  are  given. 

6S<iilonlvforl901. 

c  Determined  at  California  station;  only  humus  nitrogen  given. 

d  Soil  only. 

Meteorological  data,  May  to  October^  1902. 


14. 8U 
•22.05 


station. 


Lexington,  Ky 

W'a.shingTon,  I).  C 

Blaeksburg,  Va 

Ithaca,  N.  Y 

Madison.  Wis 

Agricultural  College.  Mich. 
Geneva,  X.  Y".  ^ 


Irrigation  fitatitnut. 


Fort  f Collins,  Colo  . 

Logan,  Utah 

Pomona,  Cal 


"Sunshine  data  for  Detrr>it.  Mich. 
b  Data  for  May  observed  at  Lyons. 
c  Sunshine  data  for  Cheyenne,  Wyo. 


Temper- ,  Precipi-      Clear        Cloudy       Sun- 
ature.       tation.        days.     '     days.'       shine. 


°F. 

Inches. 

Per  cent 

69.3 

16.6    1 

83 

22 

76.1 

68.6 

23.5 

80 

25 

67 

65.8 

15.2 

74 

46 

60.4 

23.3    , 

41 

54 

01.8 

24.6 

3.S 

76 

60.5 

27.4     1 

55 

67 

a.58 

63.1 

20.2    |. 

60.0 

14.8 

94 

32 

f62.5 

60.3 

4.2 

dll6 

d25 

'^78.5 

70.0 

.59 

67 

6 

••70 

d  Report  for  Salt  Lake  City.  Utah. 
e  Report  for  Los  Angeles,  Cal. 


Geodetic  data. 


Station. 


Average 

length  of 

dav. " 


Latitude.''  ,  Altitude.fr 


Lexington,  Ky 

Washington,  D.  C 

Blaeksburg,  Va 

Ithaca.  N.  Y 

Madiw>n,  Wis 

Agricultural  College,  Mich 

Geneva,  N.  Y 

Irriijntion  stations. 

Fort  Collins,  Colo 

Logan,  l.'tah 

Pomona,  Cal 


fi.     in. 
14    IS 
14    -2^ 
14    14  I  3: 
11     42 


14    44 
14    42 


:iX    02  25 

;iH    5:3  Zi 

14  00 

27  00 


43    01 
42    45 


14    44     42    5;} 


14    32  I  40    35    00 
14    37  '  41     44    (K) 

13  5.S  I  :m   3  00 


Fed. 
979 
37.5 
2.100 
810 
955 
847 
453 


4,994 

4,506 

861 


n  These  figures  cover  from  May  to  August,  inclusive,  and  are  furnished  by  the  U.  S.  Naval  Ob8er\'a- 
tory. 
b  Data  furnished  by  the  U.  S.  Coast  and  Geodetic  Survey. 
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CONCLUSIONS. 

The  results  of  the  investigations  of  1902  confirm  in  a  general  way 
those  of  the  two  previous  years.  As  is  to  be  expected,  however,  the 
great  seasonal  changes  which  take  place  from  year  to  year  at  the  dif- 
ferent stations  introduce  important  variations  in  the  chemical  compo- 
sition of  the  crop.  For  the  third  time  in  succession,  however,  the 
station  at  Geneva  holds  first  place  in  respect  of  the  content  of  sugar. 


of  experiment  stations. 


Michigan  has  advanced  to  second  place,  after  having  been  tied  with 
the  stations  of  Ithaca  and  Lafayette  in  1901,  for  that  position. 

The  chart  (fig.  1)  shows  the  percentage  of  sugar  in  the  beet,  the 
number  of  clear  days  in  the  month  during  the  growing  season,  and 
the  latitude  of  the  station.     By  reason  of   the  fragmentary  nature 
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of  the  data  for  the  percentage  of  sunshine  the  curve  representing  this 
element  of  the  environment  has  been  omitted.  As  in  the  two  previ- 
ous years,  there  is  a  general  agreement  in  the  curves  showing  the  per- 
centage of  sugar  and  the  latitude.  The  one  important  exception  is 
found  in  the  Blacksburg  station,  and  this  is  fully  explained  by  reason 
of  the  high  altitude  of  this  locality,  which  acts  in  the  same  manner 
as  a  high  latitude.  Were  it  not  for  the  varying  length  of  the  day  a 
more  definite  relation  could  be  established  by  comparing  the  sugar 
content  of  the  beet  with  the  mean  isothermal  lines  for  the  period  of 
growth,  instead  of  with  the  latitude. 

The  number  of  clear  days  was  very  evenly  distributed  between  the 
growing  months  at  Lexington,  Washington,  and  Blacksburg  and  quite 
unevenly  distributed  at  the  other  stations  for  which  these  data  were 
reported.  In  our  previous  reports  attention  was  called  to  the  fact 
that  unobstructed  sunshine  is  not  absolutely  necessary  to  the  noimal 
development  of  the  sugar  content  of  the  beet.^  Some  recent  studies 
made  in  Germany  on  the  influence  of  certain  factors  of  the  environ- 
ment upon  the  composition  and  yield  of  sugar  beets,  by  Dr.  O.  Vibrans, 
of  Helmstedt,*  confirm  the  conclusions  published  by  this  Bureau  in 
regard  to  the  effect  of  cloudy  weather  upon  the  quality  of  the  beet. 

The  author  states  that  it  has  long  been  supposed  that  in  order  to 
secure  a  normal  evolution  of  the  sugar  beet  and  a  favorable  harvest 
continued  warmth  and  sunshine  are  necessary  in  addition  to  the  requi- 
site moisture.  The  season  of  19()5i,  however,  characterized  as  it  was 
by  excessive  cloudiness  and  precipitation,  showed  that  these  conditions, 
especially  as  bearing  upon  the  quality  of  the  beet,  are  not  necessarily 
detrimental.  It  is  stated,  however,  that  the  result  of  the  harvest 
showed  a  diminished  yield  in  spite  of  the  fact  that  a  sufficient  quantity 
of  moisture  was  received  during  the  growing  season  and  although  the 
fields  were  well  cultivated,  nomially  fertilized,  and  the  beets  carefully 
watched. 

These  observations  bear  out  the  conclusions  which  we  have  drawn 
from  our  studies  to  the  effect  that  the  sun's  i-ays  when  the  sky  is 
covered  with  clouds  are  still  able  to  influence  the  functional  activity 
of  the  chlorophyll  cells  in  such  a  way  as  not  to  diminish  the  percent- 
age of  sugar  in  the  beet.  In  fact  during  the  very  hot  daj's  of  summer 
such  a  screening  of  the  sunlight  ma^^  prove  Iwneficial.     Vibrans  says: 

The  weakening  of  the  total  intensity  of  the  sun's  action  by  the  particles  of  water 
and  dust  which  may  be  in  the  air  is  greatly  increased  in  the  case  of  clouds.  If  a 
cloudy  condition  continues  for  some  time  the  sun's  rays  nevertheles.«,  as  has  been 
said,  continue  to  exert  their  influence  on  the  plant.  This  has  been  shown  by  the 
peculiar  phenomena  which  were  manifested  during  the  past  year  (1902),  when  it  was 

a  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  64,  p.  30,  and  Bui.  74,  p.  37. 
^  Centralblatt  fur  die  Zucker-Industrie,  No.  33,  May  16,  1903,  p.  809,  and  No.  34, 
May  23,  p.  829. 
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noticed  that  those  sagar  beets  which  were  particularly  rich  in  sugar  had  developed  an 
excessive  leaf  growth.  From  this  the  conclusion  can  be  drawn  that  the  leaves  which 
were  at  first  developed  by  the  beet  were  not  sufficient  to  produce  a  normal  develop- 
ment with  the  quantity  of  light  at  their  disposal.  The  dormant  buds,  therefore, 
woke  into  activity  and  produced  the  additional  leaves  required.  Thus  a  more 
extended  leaf  surface  was  created  and  the  light  could  thus  engender  the  necessary 
activity  to  develop  new  vital  processes. 

It  is  further  shown  that  this  increase  of  leaf  surface  which  peiinitd 
the  assimilation  process  to  go  on  unhindered  in  cloudy  weather  is  not 
noticed  in  conditions  of  artificial  shade  which  tend  to  produce  etiola- 
tion—as, for  instance,  on  the  edges  of  forests.  In  such  cases  the  leaf 
stems  are  undul}'  lengthened,  thin,  and  weak,  and  the  leaves  do  not 
reach  normal  size  because  those  processes  in  the  leaf  cells  which  pro- 
mote the  formation  of  leaf  surface  do  not  develop  normally.  The 
result  of  this  is  that  the  processes  of  assimilation  and  condensation 
attending  the  activity  of  the  chlorophyll  cells  in  the  formation  of 
starch  and  sugar  are  not  complete.  Greater  compamtive  quantities  of 
nonsugars  are  formed  and  the  value  as  well  as  the  quantity  of  the  beets 
produced  is  greatly  diminished.  The  size  of  the  beet  leaf  in  relation 
to  the  stem  is  dependent  on  the  quantity  and  intensity  of  the  light,  and 
the  more  refractive  elements  of  the  sun's  rays  appear  to  be  most 
active  in  producing  such  growth. 

In  the  case  cited  by  Vibrans  as  to  the  effect  of  artificial  shading  of 
beets  grown  along  a  road  bordered  by  thick,  heavy,  chestnut  trees, 
he  states  that  the  beets  not  only  had  a  lower  sugar  content,  but  also 
yielded  a  decreased  tonnage.  It  appears,  however,  that  Vibrans  has 
probably  fallen  into  some  error  in  ascribing  this  diminution  of  both 
sugar  content  and  tonnage  solely  to  the  shade  of  the  trees.  It  is  well 
known  that  trees  draw  upon  the  adjacent  soil  for  nourishment  and  to 
this  extent  rob  any  cultivated  plant  that  may  be  in  the  vicinity.  A 
large  number  of  the  poorer  quality  of  beets  in  that  experiment  may 
have  been  due,  therefore,  to  the  absorbing  activitj'  of  the  rootlets  of 
the  trees  extending  great  distances  under  the  growing  crop. 

On  the  chart  (fig.  2,  p.  44)  are  shown  the  percentage  of  sugar  in  the 
the  beet,  coefficient  of  purity  of  the  juice,  the  temperature  and  the 
average  length  of  day.  Here  again  is  seen  the  X-like  figure — some- 
what fantastic  in  shape  this  year,  but  still  marked  in  character — 
formed  by  the  lines  representing  the  content  of  sugar,  purit}-  of  juice, 
and  length  of  da}",  with  the  line  representing  the  temperature.  The 
variations  in  the  temperature  curve  are  found  chiefly  at  Ithaca  and 
Geneva.  At  Geneva,  especially  during  the  present  year,  the  tempera- 
ture of  the  growing  season  was  high,  while  at  Ithaca  it  was  the  lowest 
of  any  recorded  at  the  cooperating  stations.  The  highest  temperature 
observed  was  at  Lexington,  Ky.  The  data  represented  on  Chart  No.  2 
are  in  general  wholly  confirmatory  of  those  obtained  in  the  previous 
years  of  the  investigation. 
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On  the  chart  (fig.  3,  p.  45)  are  shown  the  percentage  of  sugar  in  the 
beet,  the  total  rainfall  and  its  distribution  by  months  throughout  the 


Fi<i.  2.— Sugar  content  of  beets  and  purity  of  juice  as  influenced  by  tempeniture  and  light. 

growing  season,  together  with  the  altitude  of  the  station.     The  most 
characteristic  feature  of  this  chart  is  the  monumental  curve  showing 
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the  altitude  of  the  Blacksburg  station.     It  is  evident  that  altitude  can 
only  be  considered  in  connection  with  the  content  of  sugar  in  the  beet 


Fio.  8.— Sugar  content  of  beets  as  influenced  by  rainfall  and  altitude  of  station. 

when  referred  to  some  fundamental  basis  of  comparison,      there  is  a 
very  marked  tendency,  however,  for  the  high  altitude  to  counteract 
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the  influence  of  the  low  latitude.  This  is  shown  vividly  by  the  chart 
in  the  case  of  Blacksburg,  where  b}"  reason  of  the  high  altitude  the 
content  of  sugar  was  raised  far  above  what  would  be  reasonably 
expected  at  sea  level  or  on  an  extensive  plateau  at  the  same  latitude. 

The  distribution  of  the  rainfall  is  somewhat  irregular,  being  most 
uniform  at  Lexington  and  Geneva,  and  least  so  at  the  Michigan  sta- 
tion. In  fact,  the  distribution  of  the  I'ainfall  at  Geneva  is  extremely 
even,  and  while  it  is  only  reasonably  so  at  Lexington  the  total  amount 
is  satisfactory.  This  chart  gives  additional  testimony  to  the  fact  that 
under  proper  conditions  of  culture,  and  where  the  seed  bed  has  been 
carefully  prepared,  not  only  the  composition  of  the  beet  but  also  the 
yield  per  acre  can  be  considered  as  largely  independent  of  the  distri- 
bution of  the  rainfall,  provided  there  is  sufficient  moisture  to  meet  the 
ordinary  demands  of  the  growing  crop. 

The  chart  (tig.  4,  p.  47)  shows  the  yield  per  acre  and  the  average  per- 
centages of  potash,  nitrogen,  and  phosphoric  acid  in  the  soil  and  sub- 
soil, the  two  figures  having  been  combined,  as  the  beets  are  deep 
feeders.  The  determination  of  potash,  nitrogen,  and  phosphoric  acid, 
according  to  the  methods  used,  gives  only  a  general  indication  of  soil 
fertility,  though  the  total  absence  of  any  one  of  these  ingredients  of 
plant  food  would  make  the  production  of  a  crop  impossible.  The 
presence,  however,  of  even  a  small  proportion  of  these  foods,  reck- 
oned in  per  cent,  indicates  a  sufficient  quantity  for  many  successive 
crops,  if  rendered  available.  The  weight  of  thesoil  is  so  great  com- 
pared with  the  weight  of  the  crop  that  is  produced  upon  it  that  a  very 
few  hundredths  of  a  per  cent  of  any  one  ingredient  of  plant  food  means 
an  abundance  of  this  ingredient  for  the  production  of  the  normal  crop, 
provided  it  is  in  a  form  available  for  plant  growth.  At  the  station 
which  had  the  largest  yield  per  acre,  namely,  Madison,  Wis.,  the 
phosphoric  acid  content  was  higher  than  at  any  other  station  except 
Lexington  and  Ithaca,  being  the  same  as  at  the  latter  station.  The 
quantity  soluble  in  dilute  acid,  however,  was  larger  in  the  Madison 
than  in  the  Lexington  sample.  The  amount  of  potash  was  higher 
than  at  any  other  station  except  Ithaca  and  Geneva,  while  the  nitrogen 
was  lower  than  at  any  other  station  except  Agricultural  College,  Mich., 
being  the  same  as  that  at  Blacksburg,  Va.  The  lowest  average  per- 
centage of  nitrogen  at  an}"  one  of  the  stations  was  0.07  at  Michigan, 
and  the  highest  was  0.19  at  Lexington. 

The  presence  of  large  quantities  of  two  of  the  important  plant 
foods  does  not  indicate  a  large  crop  if  a  third  important  planti 
food  is  very  deficient.  This  is  shown  in  a  marked  degree  at  the  Lex- 
ington station,  which  has  the  highest  percentage  of  both  phosphoric 
acid  and  nitrogen  and  the  lowest  percentage  of  potash  of  any  of  the 
stations,  accompanied  by  the  lowest  yield.  The  yield  per  acre  at  Lex- 
ington could  doubtless  be  greatl}"  increased  by  the  judicious  applica 
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EXPLANATION, 

YIELD  PER  ACRE 


PER   CENT  OF  POTASH  — 
PER    CENT  OF  NITROGEN- 
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Fio.  4.— Yield  of  beets  per  acre  a^  influenced  by  variations  in  the  nutritive  elements  of  the  soil. 
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tion  of  potash.  Nitrogen  must  be  considered  as  of  a  more  transitory 
nature  than  either  potash  or  phosphoric  acid.  It  exists  most  abun- 
danth^  in  the  soils  in  the  form  of  organic  nitrogen  which,  though  not 
available  for  plant  food  in  that  form,  becomes  so  under  the  influence 
of  nitrifying  ferments.  We  have,  however,  a  fine  illustration  of  the 
influence  of  the  deficiency  of  two  elements  of  plant  food  at  the  Michi- 
gan station,  where  both  phosphoric  acid  and  nitrogen  were  very  low,  and 
the  yield  per  acre  was  next  to  the  lowest  given.  An  apparent  contra- 
diction of  this  is  found  in  the  case  of  Washington,  where,  although  the 
phosphoric  acid  was  low,  the  yield  was  over  26  tons  per  acre.  Both 
the  potash  and  nitrogen,  however,  were  abundant  at  the  Washington 
station,  and  the  phosphoric  acid,  having  been  derived  from  the  bed  of 
the  rivei",  though  not  large  in  quantity,  was  in  a  form  to  be  readily 
assimilated.  It  is  evident,  however,  that  the  data  correlating  the 
quantity  of  available  plant  food  in  a  soil  and  the  magnitude  of  the  crop 
produced  have  their  full  value  only  when  the  meteorological  conditions 
and  all  other  elements  of  the  environment  are  the  same.  This  is  con- 
vincingl}'^  illustrated  by  the  results  of  the  pot  experiments  conducted 
by  this  Bureau  during  the  past  decade  which  are  now  being  prepared 
for  publication.  The  complete  failure  of  a  crop  on  a  soil  well  sup- 
plied with  the  necessary  plant  foods  is  described  in  the  report  from 
the  Indiana  station  this  year. 

The  chart  (fig.  5,  p.  49)  shows  the  yield  per  acre  and  the  average  per- 
centages of  total  sand,  clay,  and  silt  in  the  soil  and  subsoil.  This 
chart,  in  so  far  as  we  know,  is  the  first  attempt  to  graphically  illustrate 
the  relation  of  the  mechanical  composition  of  the  soil  to  the  crop.  The 
problem  is  so  new  and  the  data  so  fragmentary  that  we  can  not  claim 
that  much  progress  haa  been  made  in  the  attempt  to  elucidate  any  of 
the  undeveloped  principles,  if  there  be  such  principles,  which  corre- 
late the  mechanical  composition  of  the  soil  and  the  yield  of  the  crop. 
It  is  evident  that  the  mere  mechanical  state  is  not  complete  evidence 
of  the  availability  of  the  plant  food,  but  it  is  an  indication  as  to 
whether  or  not  the  rootlets  of  the  plant  can  have  access  to  the  nourish- 
ment which  the  soil  contains.  In  general,  it  is  true  that  the  mechanical 
condition  of  a  soil  is  highly  important  in  determining  the  character  of 
the  crop  which  can  be  grown  thereon.  For  instance,  wheat  is  not  the 
ideal  crop  for  very  sandy  soils,  nor  melons  and  beets  for  those  com- 
posed of  stiff  clay.  We  have,  however,  in  the  soils  on  which  the  beets 
of  the  present  investigation  were  grown  types  of  almost  all  kinds  of 
soils,  as  far  as  mechanical  structure  is  concerned,  and  the  data  obtained 
illustrate  again,  as  has  been  developed  in  the  former  investigations, 
that  the  soil  is  the  least  imf)ortant  factor  in  the  environment  of  the 
sugar  beet  in  respect  of  sugar  content. 

A  fundamental  condition  for  the  growth  of  beets  is  the  preparation 
of  the  seed  bed  to  a  depth  of  at  least  16  inches.     Thus,  even  stiff  clay 
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Pig.  5. — ^Yield  of  beets  per  acre  as  influenced  by  variations  in  physical  composition  of  the  soil. 

7815— No.  78— 03 i 

Digitized  by  VjOOQ  IC 


50 

when  properly  prepared  is  easily  permeated  by  the  roots  of  the  grow- 
ing beets.  If  a  stiflF  clay  soil  be  not  properh'  prepared,  then  it  is  evi- 
dent that  beets  could  not  do  nearly  so  well  in  it  as  in  a  sandy  soil; 
but  when  both  kinds  of  soil  are  well  prepared  the  beet  grows  well  in 
each.  It  is  evident,  therefore,  that  the  beet  is  not  well  suited  to  deter- 
mine the  influence  of  mechanical  composition  of  the  soil  on  the  quan- 
tity of  the  crop.  While  a  problem  of  this  kind  is  very  diflScult,  it  is 
not  beyond  the  possibility  of  solution,  and  it  is  believed  that  continued 
collection  of  data  will  throw  light  upon  points  which,  so  far  as  the  beet 
is  concerned,  must  now  be  considered  as  very  dimly  illuminated. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington,  D.  C,  July  W,  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  for  your  approval  a 
manuscript  embodying  the  results  of  the  tests  conducted  in  the  Road 
Material  Laboratory  of  this  Bureau  since  its  establishment  by  you  in 
October,  1900,  together  with  an  exposition  of  the  methods  used  in 
obtaining  these  results,  and  to  recommend  that  this  report  be  published 
as  Bulletin  79  of  the  Bureau  of  Chemistry.  I  beg  to  make  acknowl- 
edgment of  the  cordial  cooperation  of  the  Office  of  Public-Road 
Inquiries  in  these  investigations,  without  which  this  work  could  not 
have  been  done. 

The  illustrations,  which  comprise  five  half-tone  photos  and  ten  text 
figures,  are  regarded  as  necessary  to  a  clear  understanding  of  the  text. 
Respectfully, 

H.  W.  Wiley, 

Chief. 
Hon.  James  Wilson, 

Secretary  of  Agriculture.  ^ 
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THE  TESTING  OF  ROAD  MATERIALS. 


nrTBODTJGTION. 

The  Road  Material  Laboratory  was  established  by  the  Secretary  of 
Agriculture  in  December,  1900.  Work  was  not  begun,  however, 
until  several  months  later  on  account  of  the  time  necessary  to  effect 
its  equipment  The  fiscal  year  ended  June  30, 1902,  was  the  first  year 
of  its  operation.  The  laboratory  at  present  contains  all  the  necessary 
appliances  for  making  tests  on  road  materials  and  for  investigating 
some  of  the  more  important  problems  connected  with  the  work. 

The  main  object  of  this  bulletin  is  to  describe  in  some  detail  the 
methods  and  work  of  the  laboratory  and  to  give  the  results  obtained 
up  to  the  present  time.  Incidentally,  the  physical,  mechanical,  and 
chemical  agencies  which  act  upon  roskd  materials  are  discussed  and  a 
brief  histoiy  of  the  testing  of  such  materials  is  given. 

The  Road  Material  Laboratory  tests  road  materials,  without  charge, 
for  citizens  of  the  United  States  and  reports  to  them  the  information 
obtained.  In  addition  to  routine  tests  on  samples  submitted,  investi- 
gations are  conducted  for  the  improvement  of  road  materials.  The 
laboratory  is  prepared  to  test  rocks,  gravels,  and  clays  for  road  con- 
struction, tiling,  cement  and  concrete,  and  paving  blocks  of  stone, 
brick,  wood,  asphalt,  and  bituminous  matter.  The  principal  activities 
may*be  classified  under  the  following  heads: 

(1)  Tests  for  determining  the  quality  of  materials  to  aid  road 
buiMers  in  selecting  those  most  suitable  for  their  work. 

(2)  The  investigation  of  various  processes  to  develop  simple,  appro- 
priate, and  reliable  tests. 

(3)  The  collection  of  data  for  use  in  drawing  up  specifications  for 
standards  of  quality. 

(4)  Scientific  research  to  develop  new  materials  or  mixtures,  and 
the  study  of  problems  which  may  arise  in  road  building. 

The  most  important  work  comes  under  the  first  head,  for  the  main 
object  of  the  laboratory  is  to  obtain  results,  by  means  of  appropriate 
tests  on  small  samples,  which  will  agree  sufiSciently  well  with  the 
results  of  practice  to  aid  the  road  builder  in  selecting  the  most  suitable 
materials  from  those  available  for  his  work.  That  the  laboratory  may 
serve  its  purpose,  the  tests  adopted  must  be  of  such  a  nature  that  they 
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6  THE   TESTING    OF   BOAD   MATEBIALS. 

can  be  executed  with  dispatch,  and  the  results  should  be  clear  and 
comprehensive.  While  it  is  necessary  that  the  results  should  indicate 
the  wearing  qualities  of  the  materials  in  service,  it  is  unnecessary,  as 
well  as  impracticable,  that  an  attempt  should  be  made  to  imitate  the 
exact  conditions  of  service.  Laboratory  experiments  have  been 
designed  in  various  ways  to  reproduce  the  conditions  that  obtain  in 
practice,  but  they  have  failed  for  the  obvious  reason  that  the  principal 
element  in  such  conditions  is  lapse  of  time,  which  renders  quick 
results  impossible. 

It  is  apparent  that  no  single  material  or  class  of  materials  will  suit 
all  conditions  of  climate  and  traffic.  To  get  the  best  results  it  is 
necessary  that  the  materials  selected,  as  well  as  the  methods  of  con- 
struction, should  be  adapted  to  the  special  conditions  of  the  road  that 
is  to  be  built  or  maintained.  This  is  not  always  practicable  and  is 
often  impossible.  Much  can  be  done,  however,  by  means  of  labora- 
tory tests  to  determine  which  of  the  available  materials  is  best  suited 
for  use,  and  this  work  constitutes  the  chief  usefulness  of  the  Road 
Material  Laboratory.  A  mao^am  road,  when  properly  constructed, 
costs  from  $4,000  to  $10,000  a  mile,  and  the  cost  of  many  other  types 
of  road  are  greatly  in  excess  of  this.  An  error  in  the  selection  of  a 
material  means  an  inferior  road  and  occasionally  complete  failure. 
Such  an  error,  therefore,  may  cause  a  great  loss  of  money  to  the  com- 
munity in  which  it  occurs. 

No  explanation  is  necessary  of  the  second  and  third  subdivisions  of 
the  work,  i.  e.,  the  development  of  new  tests  and  the  collection  of  cor- 
related data,  which  is  similar  in  most  respects  to  that  of  all  testing 
laboratories. 

The  fourtlj  subdivision  or  research  work,  including  the  development 
of  new  materials,  is  of  a  most  important  character.  New  road  mate- 
rials are  occasionally  developed,  and  the  methods  for  using  old  ones 
are  constantly  improving.  It  is  most  important  to  test  and  investigate 
such  materials  and  methods  if  the  best  results  are  to  be  derived  from 
them.  Practically  none  of  our  rural  towns  or  counties  has  the  facili- 
ties or  means  to  carry  on  such  investigations,  and  it  is  in  these  dis- 
tricts that  better  roads  are  most  needed.  Even  when  road  building 
is  attempted  materials  and  methods  are  frequently  used  which  are 
unsuited  to  the  conditions  of  climate  and  traffic  and  the  result  is  failure. 

Probably  the  most  difficult  problem  to  solve  for  the  betterment  of 
rural  highways,  and  one  on  which  the  Road  Material  Laboratory  has 
been  at  work  for  some  time,  exists  in  those  sections  of  our  country 
where  no  hard  materials  are  to  be  found  from  which  roads  can  be  con- 
structed. Many  of  these  districts  are  of  very  great  extent,  and  have 
only  a  clay  soil  on  which  and  from  which  to  build  roads.  The  reeult 
is  that  during  a  considerable  portion  of  the  year  the  roads  are  almost 
impassable  and  are  rarely  good  at  any  time.     The  Road  Material 
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Laboratory  has  carefully  studied  the  methods  of  burning  clay  for  bal- 
last in  use  by  a  number  of  western  railroads.  By  somewhat  modify- 
ing these  methods  very  satisfactory  roads  can  undoubtedly  be  made  at 
a  moderate  cost  in  districts  where  the  clay  is  of  a  suitable  nature. 
Experiments  are  also  being  made  with  mixtures  of  crude  petroleum 
and  asphaltum  which  give  promise  of  good  results. 

Before  taking  up  any  of  the  above  subjects  in  detail  it  will  be  well 
to  consider  first  some  of  the  important  physical  and  mechanical  prop- 
erties of  road  materials,  and  also  some  of  the  principal  agents  in  the 
destruction  of  roads. 

DfFOBTANT  PHTSICAL  AND  MEGHAHIGAL  PROPEBTIES  OF  BOAD 

MATEBIALS. 

There  are  three  chief  properties  essential  to  good  road  materials, 
and  only  these  will  be  considered  here.  They  are  hardness,  tough- 
ness, and  cementing  or  binding  power.  Although  these  properties, 
at  least  hardness  and  toughness,  have  long  been  recognized  by  those 
familiar  with  the  subject,  yet  they  have  never  been  properly  defined 
and  the  terms  have  been  very  much  confused.  This  is  not  at  all  sur- 
prising, for  hardness  and  toughness  are  closely  related.  It  would  be 
well,  therefore,  to  define  these  terms  from  the  road  maker's  stand- 
point before  going  further. 

HAJEtBNESS. 

There  is  no  widely  accepted  measure  of  the  property  of  hardness. 
Even  in  the  case  of  metals,  the  hardness  of  which  has  received  much 
study,  there  are  many  tests  based  on  diflFerent  conceptions  of  the  term. 
The  many  methods  devised  for  measuring  hardness  may  be  summar- 
ized under  the  following  heads:  Drawing  substance  under  a  point;^ 
drawing  a  point  over  substance  and  determining  resistance;*  grooving 
with  a  standard  edge  and  determining  the  depth  of  groove;*^  boring 
substance  with  a  standard  point  and  ascertaining  depth  of  hole  and 
number  of  revolutions ;''  grinding  with  a  standard  powder  and  taking 
the  loss  inversely;*  compressing  lenses  on  plates  of  substance  and 
taking  as  the  hardness  the  limit  of  pressure  per  unit  of  surface  multi- 
plied by  the  cube  root  of  the  radius  of  curvature;-^  compressing  a 
point  into  substance  and  taking  the  volume  of  indentation  inversely.^ 

''Pekarek,  8itz.  v.  k.  k.  Akad.  Wien,  1854,  vol.  13.  (Contains  complete  biogra- 
phy of  earlier  papers. ) 

ft  Turner,  Proceedings  Phil.  Society,  Birmingham,  1886. 

cPfaff,  Sitz.  k.  k.  Bayer.  Akad.,  1883. 

rfPfaff,  ibid.,  1884. 

'Roeiwal,  Verhandl.  k.  k.  Geol.  Reichsanstalt,  1896,  17:  475. 

/Auberbach,  Wied.  Ann.,  1891-96. 

0^  Report  of  Experiments  on  Metal  for  Cannon,  United  States  Ordnance  Depart- 
ment, 1856. 
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8  THE  TESTING   OF  ROAD  MATERIALS. 

All  of  these  tests  were  designed  for  substances  of  a  homogeneoufi 
nature,  and  are  consequently  not  at  all  suited  to  any  of  the  road  mate- 
rials. Further  than  this,  it  can  be  seen  that  in  their  conception  of 
hardness  some  of  the  investigators  differ  greatly.  All  of  these  meth- 
ods, as  well  as  modifications  of  them,  are  based  either  on  abrasion  or 
penetration. 

The  varying  demands  of  technology  give  rise  to  different  definitions 
and  methods  of  testing,  and  the  method  used  in  any  particular  case 
must  give  a  measure  of  the  value  of  a  new  material  for  the  purpose 
for  which  it  is  intended.  To  permanently  deform  a  substance  by  com- 
pression with  a  pointed  or  spherical  instrument  tests  altogether  differ- 
ent properties  from  those  opposed  to  abrasion. 

Only  one  test  has  yet  been  devised  for  determining  the  hardness  of 
road  materials,  and  that,  the  writer  believes,  gives  the  value  of  this 
property  as  understood  by  road  builders  in  a  satisfactory  manner. 
This  is  the  Dorry  test  of  the  French  School  of  Roads  and  Bridges  which 
consists  in  grinding  specimens  with  sand  of  a  standard  size  and  quality. 
This  method  of  grinding  with  a  powder  has  the  advantage  of  having 
been  used  as  a  test  for  hardness  by  a  number  of  the  most  able  students 
of  the  subject,  and  at  the  same  time  valuable  results  have  been  obtained 
from  it  on  the  very  class  of  materials  in  which  we  are  most  interested. 
Hardness,  therefore,  will  be  defined  as  the  resistance  which  a  material 
offers  to  the  displacement  of  its  particles  by  friction.  The  measure 
of  hardness  will  be,  invei*sely,  as  the  loss  of  weight  arising  from  the 
scoring  by  an  abrasive  agent. 

TOUGHNESS. 

In  the  consideration  of  road  materials  toughness  is  understood  to 
mean  the  power  possessed  by  a  material  to  resist  fracture  under 
impact.  As  the  surface  of  a  road  is  continually  subjected  to  the 
pounding  of  traflSc,  it  can  be  seen  that  toughness  is  an  important 
property  from  the  standpoint  of  the  road  builder.  From  the  labora- 
'tory  standpoint  the  problem  is  not  altogether  a  simple  one,  and  con- 
siderable difliculty  has  been  found  in  designing  a  suitable  test  for 
measuring  the  degree  to  which  a  road  material  possesses  this  property. 

With  homogeneous,  structureless,  brittle  materials,  resistance  to 
impact  may  be  due  to  a  relatively  low  modulus  of  elasticity  combined 
with  high  elastic  limit.  Provided  a  blow  is  delivered  by  a  flat  strik- 
ing head  with  small  local  damage,  on  such  a  material  toughness  will 
be  almost  wholly  due  to  elasticity.  In  this  case  there  will  be  a  critical 
energy  of  blow  below  which  the  specimen  under  test  will  not  be 
broken  by  an  indefinite  number  of  blows,  and  in  excess  of  which  it 
will  be  broken  b}^  a  single  blow.  The  toughness  of  a  road  material 
in  this  instance  will  vary  directly  as  the  square  of  the  elastic  limit, 
which  equals  the  ultimate  strength,  and  inversely  as  the  modulus  of 
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elasticity.  In  testing  such  materials  under  impact  it  would  be  neces- 
sary to  apply  a  number  of  blows  of  successively  increasing  energy, 
and  note  that  blow  which  causes  failure.  A  test  involving  this  prin- 
cipal will  be  described  further  on  in  detail. 

With  heterogeneous  materials  like  most  of  the  rocks  used  in  road 
building,  toughness  depends  on  a  number  of  factors.  Among  these 
may  be  mentioned  interlocking  of  the  crystals,  the  nature  of  the  crys- 
tals themselves,  and  in  some  cases  the  nature  of  the  cementing  or 
binding  agent.     This  matter  has  received  but  little  study. 

There  is  another  class  of  road  materials  whose  toughness  is  due  to  a 
combination  of  properties  not  considered  under  the  above  definition. 
It  includes  those  materials  capable  of  considerable  deformation  with- 
out rupture  when  stressed  beyond  the  elastic  limit.  Asphaltum  and 
tar  practically  constitute  this  class.  They  distinctly  come  under  the 
head  of  tough  substances;  but  it  is  obvious  that  toughness  in  this 
sense  is  viscosity  and  malleability. 

CEMENTINa  OB  BINDINa  POWEB. 

The  binding  power  or,  as  it  has  now  come  to  be  called,  the  cement- 
ing value  of  a  road  material  is  the  property  possessed  by  rock  dust 
or  other  finely  divided  material  found  in  nature  to  act  as  a  cement  on 
the  coarser  fragments  composing  crushed  stone  or  gravel  roads. 
This  property  varies  enormously,  not  only  with  different  kinds  of 
rocks,  but  also  with  those  which  are  practically  identical  in  classifica- 
tion and  chemical  composition.  The  absence  of  cementing  power  is 
so  pronounced  in  some  varieties  of  rock  that  they  can  never  be  made 
to  compact  with  the  road  roller  or  under  traffic.  As  the  binder  sur- 
face of  a  mac^am  or  gravel  road  is  most  exposed  to  the  action  of 
wind  and  rain,  as  well  as  the  wear  and  tear  of  traffic,  it  can  be  seen 
that  the  presence  of  this  propertj^  is  most  essential  to  good  results. 
Further  than  this,  the  hardness  and  toughness  of  the  binder  surface, 
more  than  of  the  rock  itself,  constitutes  the  hardness  and  toughness 
of  the  road,  for  if  a  load  be  sufficient  to  destroy  the  bond  of  cementa- 
tion of  the  upper  surface  of  a  road,  the  stones  below  are  soon  loosened 
and  forced  out  of  place.  The  impervious  shell  obtained  by  the  use  of 
a  rock  of  high  cementing  value  gives  the  greatest  protection  to  the 
foundation  of  a  road.  Moreover,  it  is  a  matter  of  common  observa- 
tion that  a  good  surface  which  binds  well  is  less  dusty  and  less 
muddy,  while  the  advantage  from  the  standpoint  of  economy  is  very 
great,  as  it  is  only  the  loose,  unbound  material  which  is  ordinarily 
carried  away  by  wind  and  water. 

In  view,  therefore,  of  the  importance  of  this  property,  it  has  been 
made  the  subject  of  especial  study  in  this  laboratory.  It  was  most 
important  to  know  the  cause  of  the  cementing  value  in  order  to  deter- 
mine what  could  be  done  to  improve  the  conditions  of  service.     The 
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results  of  this  study,  which  have  already  been  published  as  a  con- 
tribution from  the  Bureau  of  Chemistry,  have  been  very  satisfactory.^ 

It  appears  that  the  cementing  value  depends  upon  a  certain  hydrated 
colloid  condition  of  the  particles,  or  some  proportion  of  the  particles. 
All  rock  powders  that  cement  well  are  hydrated,  i.  e.,  contain  water 
of  combination,  although  it  does  not  follow  that  all  hydrated  rock 
powders  will  cement.  It  seems  that  onl}^  a  certain  kind  of  water  of 
combination  is  concerned  with  and  measures  the  cementing  value. 
This  property  is  undoubtedly  related  to  that  of  plasticity  in  clays,  and, 
in  a  few  words,  is  due  to  amorphous,  inorganic  particles  which  by 
reason  of  their  characteristic  porous  structure  are  able  to  absorb  and 
hold  water,  thereupon  assuming  a  plastic  and  coherent  condition. 
Heating  above  a  certain  temperature  destroys  this  structure,  and  the 
powder  no  longer  possesses  the  slightest  cementing  value.  It  is  prob- 
able that  this  theoretical  investigation  will  lead  to  imj  ortant  practical 
developments. 

Under  the  head  of  physical  tests  will  be  found  a  description  of  the 
methods,  as  used  in  this  laborator}^  for  testing  the  cementing  power 
of  road  materials,  in  Table  III,  page  33,  are  given  the  maximum  and 
minimum  results  obtained  on  various  kinds  of  rock,  and  in  Table  A 
of  the  Appendix  the  individual  results  on  each  sample. 

THE  CAUSES  OF  THE  DETEEIOBATION  OF  ROADS. 

The  agencies  to  be  discussed  as  tending  to  the  deterioration  of  roads 
include  traflSc  (pounding  of  horses'  feet,  action  of  wheels,  effect  of  load), 
weathering  or  chemical  decomposition,  frost,  wind,  and  water,  and  maj^ 
be  classified  as  mechanical,  chemical,  and  physical  agencies. 

MECHANICAIi   AGENCIES. 

The  severe  pounding  to  which  a  road  is  subjected  by  the  action  of 
horses'  feet  tends  to  destroy  the  binding  surface  and  loosen  the  under- 
lying stones.  The  fine  material  when  loosened  is  more  readily  carried 
off  by  Avind  or  rain  and  Avater  can  then  more  readily  penetrate  to  the 
foundation.  The  properties  necessary  to  resist  this  action  are,  with 
stone  blocks  or  brick  pavements,  high  resistance  to  impact,  and  with 
crushed  stone  and  gravel,  binding  or  cementing  power  in  the  fine  mate- 
rial of  the  surface  and  toughness  in  the  larger  fragments. 

The  effect  produced  on  roads  by  the  wheels  of  vehicles  varies  much 
with  the  material  of  which  the  road  is  composed  and  with  the  charac- 
ter of  the  traffic  passing  over  it.  If  the  surface  of  a  road  is  perfectly 
smooth,  and  the  load  per  running  inch  of  tire  is  sufficiently  within  the 
limit  of  resistance  of   the   surface,  the  amount  of  wear  is  probably 

«On  the  C'auHe  of  the  Cementing  Value  of  Rock  Powders  and  the  Plasticity  of 
Clays.     AUerton  h>.  Cushman,  Jour.  Am.  Chem.  Soc,  May,  1903. 
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insig-nifioant.  The  moment,  however,  an  irregularity  of  any  kind 
occurs  on  the  surface  the  wheels  begin  to  pound  at  such  points  and 
water  accumulates  in  the  resulting  depressions,  which  causes  rapid 
deterioration.  When  the  pressure  per  running  inch  of  tire  is  too 
great  for  the  road  surface  bad  results  soon  follow.  With  crushed 
stone  or  gravel,  not  only  should  the  pressure  be  within  the  limit  of 
resistance  of  the  rock  of  which  the  road  is  composed,  but  within  the 
cohesive  limit  of  the  binder  surface,  for  if  this  is  not  the  case  the  pass- 
ing wheels  cause  the  material  immediately  beneath  them  to  shift,  fur- 
rowing the  road  and  pressing  the  material  up  on  either  side  of  the  fur- 
row. This  rutting  is  greatly  increased  by  the  consequent  interference 
with  the  proper  draining  to  the  sides  of  the  road,  and  the  water  is 
forced  to  accumulate  on  the  surface,  to  gully  out  the  road  on  grades, 
or  make  its  way  to  the  foundation.  Always  on  a  good  road  the  resist- 
ance offered  to  compression  by  the  material  composing  it  exceeds  the 
pressure  of  wheels,  for  if  such  were  not  the  case  the  surface  would 
soon  be  cut  to  pieces.  It  is,  however,  a  frequent  occurrence  for  the 
impact  and  even  the  pressure  of  wheels  to  exceed  the  limit  of  resistance 
of  the  binder  surface  of  macadam  and  gravel  roads.  The  pressure  of 
wheels  is  distinctly  beneficial  to  a  road  if  it  is  suflSciently  within  the 
cohesive  limit  of  the  binding  material  and  is  evenly  distributed  over 
the  surface.  Indeed,  it  is  necessary  if  a  road  is  to  be  kept  in  a  high 
state  of  perfection  that  it  should  be  subjected  to  a  sufficient  amount  of 
traffic  to  keep  the  material  thoroughly  compacted,  and  at  the  same  time 
wear  off  a  sufficient  amount  of  fine  material  to  take  the  place  of  that 
carried  away  by  wind  and  rain. 

CHEMICAIi  AGENCIES. 

It  has  frequentl}^  been  remarked  by  writers  on  the  subject,  that  the 
chemical  decomposition  of  materials  plays  an  important  part  in  the 
deterioration  of  roads.  If  wood  and  asphalt  are  used  this  may  be  the 
case,  but  the  writer  is  convinced  that  undue  importance  has  been 
attached  to  this  agency  as  regards  most  of  the  road  materials.  In  a 
warm,  dry  climate  there  is  practically  no  limit  to  the  life  of  rock. 
This  fact  is  exemplified  by  many  of  the  structures  of  antiquity,  such 
as  the  pyramids  of  Egypt,  composed  of  limestone  and  granite,  which 
have  stood  for  many  centuries,  while  the  rock  has  undergone  but  little 
change.  In  such  a  climate  this  would  be  the  case  with  almost  any 
variety  of  rock,  but  in  a  humid  climate  with  a  great  range  of  tem- 
perature less  durability  is  to  be  expected.  In  all  cases,  however,  the 
dui-ability  of  rock  is  extremely  great  as  compared  with  the  life  of  a 
road.  All  rain  and  surface  waters  contain  a  sufficient  amount  of  car- 
bonic acid  to  dissolve  carbonates  of  lime  and  iron,  and  when  charged 
with  the  humus  acids  derived  frona  the  decomposition  of  animal  and 
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vegetable  matter  certain  of  the  rock-making  minerals  containing  mag- 
nesia, potash,  soda,  lime,  iron,  and  even  silica,  are  rendered  soluble. 
There  is  also  a  small  amount  of  sulphuric  acid  present  in  rain  water 
in  the  vicinity  of  large  cities.  The  rocks  most  affected  by  these 
reagents  are  the  limestones  and  rocks  having  a  matrix  of  lime  and 
iron,  but  we  find  the  resulting  disintegration,  in  rocks  likely  to  be 
used  in  road  making,  practically  negligible  when  compared  with  that 
due  to  other  agencies  to  which  roads  are  subjected.  Professor  Pfaff, 
of  Erlangen,  subjected  to  atmospheric  erosion  specimens  of  limestone 
_and  granite.  The  annual  loss  undergone  by  the  limestone  was 
estimated  to  be  equal  to  the  removal  of  a  uniform  layer  of  the  gen- 
eral surface  about  0.01  mm  in  thickness,  while  the  granite  lost 
0.0076  mm.« 

Even  with  roads  constructed  of  the  most  soluble  rocks  it  can  be 
seen  that  this  action  from  a  road-building  standpoint  is  extremely 
slow.  The  crushed  stone  below  the  surface  would  be  subjected  to  but 
little  running  water,  while  the  amount  of  the  binder  that  might  be 
taken  into  solution  would  be  insignificant  when  compared  with  the 
loss  through  other  agencies  of  wear.  The  writer  compared  six  thin 
sections  of  fresh  diabase  (trap)  with  six  other  sections  from  the  same 
rock  ledge  which  had  been  in  a  roadbed  for  nine  years,  and  so  far 
as  could  be  observed  with  the  microscope  no  change  whatever  had 
taken  place  in  the  plagioclase  and  augite  of  which  the  rock  is  com- 
posed, or  in  the  rock  jis  a  whole.  In  specimens  of  trachyte  examined 
in  the  same  way,  one  of  which  had  been  in^a  roadbed  for  twelve  years, 
no  alteration  was  noticeable.  This  subject  has  been  fully  treated  by 
the  writer  in  a  former  publication.  ^ 

PHYSICAL  AGENCIES. 

It  is  very  doubtful  whether  the  effect  of  freezing  is  injurious  to 
road  materials  that  absorb  water  even  in  considerable  amounts,  but  at 
all  events  it  is  prot)ably  very  small  when  compared  with  the  destruc- 
tion wrought  by  this,  same  agency  on  the  roadbed  as  a  whole.  One 
hundred  volumes  of  water  expand  on  freezing  to  109  volumes  of  ice. 
If  expansion  is  prevented  the  pressure  developed  on  cooling  the 
water  1  degree  below  its  normal  freezing  point  is  144  tons  per  square 
foot.  When  we  examine  the  subject  closely  it  becomes  apparent  that 
the  action  of  frost  on  road  materials  is  not  so  great  as  it  at  first  seems. 
In  the  following  table  is  given  the  percentage  of  water  absorbed  by 
the  more  important  road  materials. 

«  Pfaff,  Sitz.  k.  k.  Bayer.  Akad.,  1888. 

^  Report  of  the  MassaehusettB  Highway  Commission,  1900. 
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Table  1.— Water  absorbed  by  the  principal  rock  species. 

Name  of  mate- 
rial. 

Nnmber 

of 
samples. 

Minimum. 

Name  of  mate- 
rial. 

Number 

of 
samples. 

Maximum. 

Minimum. 

Amphlbolite... 

Andedte 

Basalt 

6 
8 
6 

11 
.    2 

12 
7 

16 
2 
2 
1 
1 
6 

PerceiU. 

0.32 

1.30 

4.34 

2.72 

2.43 

.48 

.69 

2.96 

.M 

.20 

.13 

.05 

.18 

Percent. 

0.10 

1.16 

.06 

.25 

1.60 

.05 

.11 

.04 

.03 

.01 

.13 

.06 

.05 

Granite 

Limestone 

Peridotite 

Qaartzlte 

RhyoUte 

Sandstone 

Schist 

15 

46 

1 

4 
9 
7 

16 
3 
2 
2 
1 
1 

Percent. 

0.89 

2.84 

.14 

.82 

2.40 

8.84 

.59 

8.07 

2.57 

.30 

.11 

.18 

Percent. 
0.06 
.03 
14 

Chert 

.06 
.02 
.30 
11 

Conglomerate.. 

Diabase.: 

Diorite 

Dolomite 

Shale 

.81 

Eclogite 

Slag 

.34 

Felsite 

Slate..  .. 

24 

Flint 

Steatite 

Syenite 

11 

Gabbro 

18 

Gneiss 

The  table  shows  that  the  amount  of  water  absorbed  by  the  best  rocks 
for  road  making  is  small,  but  even  where  the  amount  iw  ver}'^  large  the 
action  of  frost  does  not  seem  to  be  marked4y  injurious.  The  following 
statement  has  been  made  concerning  the  effects  of  frost  on  paving 
brick: 

The  last  two  years  the  city  of  Peoria  has  conducted  freezing  tests,  which  are  not 
completed,  but  they  have  gone  far  enough  to  show  that  the  average  brick  could  absorb 
6  or  8  per  cent  and  still  not  be  affected  by  repeated  freezing.  If  the  absorption  is 
that  high,  the  brick  would  be  soft  and  the  wearing  away  under  traffic  would  be  such 
that  the  brick  should  be  rejected  for  paving. « 

While  subjecting  saturated  paving  bricks  or  fragments  of  rock 
to  a  freezing  temperature  may  injure  them  but  little,  yet  when  an 
entire  road  surface  freezes  the  effect  is  very  different,  for  the  absorp- 
tive power  of  the  road  is,  with  most  materials,  far  greater  than  that 
of  the  material  itself,  and  the  strength  of  the  road  sls  a  whole  is  far 
less  than  that  of  its  individual  components.  In  the  case  of  pavements 
which  have  but  little  yield,  such  as  brick  and  stone  block  on  concrete 
foundations,  the  stresses  set  up  by  freezing  must  be  very  great. 

By  far  the  most  destructive  work  of  frost  is  effected  on  crushed 
stone  or  gravel  roads.  If  the  construction  is  defective  and  the  main- 
tenance poor,  water  accumulates  in  the  body  of  the  road,  which  spreads 
the  material  so  much  on  freezing  that  the  bond  in  some  cases  is 
destroyed,  and  in  other  cases  much  weakened.  Experiments  have 
been  made  to  determine  the  increase  in  volume  of  wet  rock  dust,  simi- 
lar to  that  composing  the  binder  of  macadam  roads,  when  subjected 
to  the  action  of  frost.  CJompressed  briquettes  of  the  dust  were  satu- 
rated with  water  and  exposed  to  a  temperature  considerably  below 
the  freezing  point  for  twelve  hours.     They  were  carefully  measured 

fl  Proceedings  of  the  Illinois  Society  of  Engineers  and  Surveyors,  1897. 
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with  a  micrometer  screw  before  and  after  freezing  and  were  found,  on 
the  average,  to  have  increased  in  volume  by  about  one-half  of  1  per 
cent,  the  maximum  increase  being  less  than  1  per  cent. 

The  agencies  of  destruction  to  roads,  which  have  already  been  con- 
sidered, are  alike  in  one  respect — they  cause  only  abrasion  and  disin- 
tegration to  the  materials  composing  the  road,  while  wind  and  rain 
carry  away  all  the  material  loosened  by  these  factors.  Wind  and 
rain  are,  therefore,  the  chief  agents  that  remove  material  from  a 
road,  and  as  their  action  is  incessant  the  loss  is  very  great.  .  From 
elaborate  measurements  made  by  the  National  School  of  Roads  and 
Bridges  of  France,  it  appears  that  about  7  cubic  yards  of  material 
per  mile  per  annum  are  transported  from  the  macadam  roads  of 
France.  Undoubtedly  this  loss  must  vary  widely  in  different  locali- 
ties and  with  different  materials,  and  therefore  such  general  results 
are  not  applicable  to  individual  cases.  The  accumulation  of  water  on 
the  surface  and  its  constant  penetration  to  the  foundation,  together 
with  the  continual  washing  that  takes  place,  make  the  action  of  water 
the  most  serious  element  of  destruction  that  the  road  builder  has  to 
combat. 

SEEVICE  TESTS. 

The  term  '*  service  test,"  as  here  used,  does  not  refer  to  the 
infonnal  tests  that  every  material  receives  in  servic>e,  the  results  of 
which  form  the  main  part  of  our  experience  with  it,  but  to  those 
formal,  competitive  tests  that  are  frequently  inaugurated  in  order  to 
determine  the  relative  merit  of  various  articles  or  the  eflBciency  of 
various  processes.  In  the  case  of  paving  bricks,  for  instance,  a  num- 
ber of  different  brands  are  laid  in  the  same  street  and  subjected  to  the 
action  of  traflSc  for  an  extended  period,  observations  of  the  rate  of 
wear  being  made  from  time  to  time. 

These  service  tests  in  the  case  of  road  materials  are  of  limited  value. 
In  the  first  place,  it  is  difficult  to  determine  the  exact  significance  of 
the  observed  results  because  of  the  variability  of  the  conditions  and 
the  indefiniteness  of  our  knowledge  of  them.  Further,  the  results  of 
the  test  can  not  always  be  expressed  definitely  or  in  units  that  will  be 
agreed  upon,  and  thus  much  confusion  will  arise  in  the  attempt  to 
report  the  results.  Again,  a  given  material  which  proved  best  under 
one  set  of  conditions  with  respect  to  climate,  traffic,  and  topography, 
might  be  entirely  unsuited  to  different  conditions.  Another  practi- 
cal objection  is  that  a  large  expenditure  of  money  and  a  prohibitory 
lapse  of  time,  involving  in  some  cases  a  change  of  traffic  conditions, 
are  necessary  before  any  conclusions  can  be  drawn  relative  to  a  mat- 
ter which  usuall}'  must  be  settled  without  great  expense  or  delay. 

The  value  of  materials  used  for  other  purposes  than  road  construc- 
tion is  in  most  cases  satisfactorily  determined  by  laboratory  tests  in 
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which  the  exact  conditions  of  service  may  or  may  not  be  approximated, 
according  as  it  is  difficult  or  impracticable  to  duplicate  them.  The 
essential  requirement  of  such  laboratory  tests  is  that  they  shall  be 
uniform,  well  defined,  and  directed  to  the  measurement  of  the  use- 
ful properties  of  the  material.  The  samples  must  be  submitted  to 
the  conditions  which  are  exactly  known  and  the  elements  or  combina- 
tion of  elements  of  endurance  and  value  isolated  and  determined 
quantitatively. 

The  nature  of  the  agencies  of  service  being  known,  and  the  degree 
to  which  the  material  possesses  mechanical  properties  useful  in 
resisting  these  agencies  having  been  determined  by  test,  the  value  of 
the  material  for  any  given  service  may  be  predicted.  In  case  mate- 
rials do  not  differ  widely  in  some  element  of  value  it  is  necessary  to 
resort  to  known  and  constant  conditions  of.  laboratory  tests  in  order 
to  determine  their  relative  merit.  The  reliability  of  laboratory  tests 
may  be  determined  by  appl^^ing  them  to  appropriate  materials  the 
quality  of  which  is  known  from  experience  in  service.  It  is  well  to 
remember  that  what  are  apparently  small  differences  of  quality  in  a 
material  will  result  in  large  differences  of  expense  of  maintenance  and 
of  road  life.  It  is  not  too  much  to  say  that  the  life  of  a  macadam  road 
costing  from  $4,000  to  $10,000  per  mile  may  be  from  two  to  twenty 
years,  depending  upon  a  proper  choice  of  material  to  suit  the  local 
conditions.  The  need  and  usefulness  of  proper  laboratory  tests  to 
determine  the  essential  qualities  of  road  materials  is  thus  evident. 

Certain  formal  competitive  tests  of  materials  are,  however,  to  be 
noted.  Various  brands  of  paving  briijk  have  been  laid  in  the  same 
street  with  a  view  to  determining  their  relative  merit  and  to  check  the 
results  of  the  rattler  test.  Such  tests  are  in  progress  in  the  cities  of 
Washington,  Baltimore,  and  Detroit. 

In  France  elaborate  data  have  been  collected.  In  1865  tests  were 
begun  on  the  national  roads  of  France  to  determine  the  quality  of  the 
various  materials  of  constru(*tion  and  ultimately  to  ascertain  for  each 
department  the  materials  best  adapted  for  its  roads.  Careful  meas- 
urements were  taken  of  the  depth  of  stone  for  all  the  national  roads 
by  digging  trenches,  alternately  from  one  side  of  the  road  to  the  cen- 
ter, so  as  to  give  a  complete  section  of  one-half  of  the  road.  This 
test  was  repeated  in  1874,  1886,  and  1893,  the  last  measurements 
requiring  over  a  half  million  trenches.  These  measurements  were 
taken  for  the  purpose  of  determining  accurately  the  amount  of  stone 
worn  off  annually.  At  the  same  time  a  census  was  taken  of  the  traffic 
passing  over  each  road.  Each  division  engineer  was  also  required  to 
build  short  sections  of  road  of  each  available  rock  in  his  district  along 
the  same  line  of  travel.  All  the  materials  of  construction  and  main- 
tenance were  carefully  measured  and  the  results  of  wear  observed. 
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Observations  were  taken  over  22,000  miles  of  road.     The  traffic  was 
classified  and  rated  as  follows: 

(1)  Each  horse  hauling  a  public  vehicle  or  a  cart  loaded  with  prod- 
uce or  merchandise,  1. 

(2)  Each  horse  hauling  an  empty  cart  or  a  private  carriage,  i. 

(3)  Each  horse,  cow,  or  ox  unharnessed,  and  each  saddle  horse,  \. 

(4)  Each  small  animal  (sheep  or  goat),  ^. 

A  record  of  tmffic  was  made  every  thirteenth  day  throughout  the 
year,  and  an  average  taken  to  determine  the  amount.  The  general 
average  over  all  the  roads  in  1893  was  170.6  units  of  travel.  To 
repair  the  roads  there  had  been  required  an  average  of  49  cubic  yards 
per  mile  and  per  100  imits  of  travel.  The  detailed  accounts  of  this 
work  are  published  in  the  official  report  of  the  minister  of  public 
works  of  Fmnce,^  and  offer  a  mass  of  data  which,  when  combined 
with  the  results  of  laboratory  test**,  should  be  of  great  service  in 
determining  the  value  of  the  latter.  The  results  of  thcvse  elaborate 
service  tests  show,  in  general,  a  decided  agreement  with  the  results  of 
the  laboratory  tests  which  were  conducted  at  the  same  time.  Since 
the  investigation  described  laboratory  tests  have  been  the  basis  of 
selection  of  road  materials  in  France. 

In  Portugal  some  attempt  has  been  made  to  determine  on  a  large 
scale  the  wear  of  roads  and  its  relation  to  laboratory  tests.  A  census 
of  the  traffic  was  kept  at  the  tollgates  and  the  wear  was  determined 
by  making  obser\'ations  of  the  thickness  of  the  roadbed  whenever 
excavations  had  to  be  made.  The  results  of  these  observations  have 
not  ja^t  been  published,  but  in  a  ministerial  report  it  is  stated  that  the 
laboratory  tests  indicated  very  clearly  the  best  materials  for  use. 

HISTOEICAL  REVIEW  OF  EOAD-MATEEIAL  TESTS. 

It  is  only  comparatively  of  recent  years  that  tests  of  materials  of 
construction  have  been  carried  on  in  a  systematic  way  and  the  history 
of  road-material  testing  is  of  still  more  recent  date.  Doubtless  the 
ancient  Roman  engineer  satisfied  himself  of  the  suitability  of  his  mate- 
rials to  the  end  in  view,  but  this  was  probably  done  in  a  very  general 
way,  or  some  records  would  have  come  down  to  us  of  the  methods 
employed.  Many  of  the  earlier  writers  on  macadam  road  building 
noted  the  superiority  of  wear  in  certain  varieties  of  rock,  and  reference 
is  often  made  to  the  desirability  of  hard  and  tough  rock.  As  early  as 
the  middle  of  the  last  century  compression  tests  were  made  on  rocks  in 
the  endeavor  to  determine  their  road-building  quality.  The  systematic 
testing  of  road  materials  may  be  said,  however,  to  have  been  begun 
during  the  decade  opening  with  1870,  in  France,  where  it  has  been 

o  Campau,  A.  P.  Rockwell,  Roads  and  Pavements  in  France. 
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steadily  developed  ever  since.  The  Portuguese  Government,  the  next 
to  take  up  the  subject,  adopted  some  of  the  French  tests  and  conducted 
them  with  much  precision.  While  the  importance  of  the  subject  has 
been  recognized  in  England,  yet  aside  from  the  limited  investigations 
of  a  few  individuals,  almost  nothing  lias  been  done.  The  same  is 
true,  even  to  a  greater  extent,  of  Germany,  and  the  other  continental 
nations  have  left  the  subject  practically  untouched.  The  United 
States  is  the  only  other  country  where  this  work  has  been  carried  on 
in  a  systematic  way. 

In  1893  the  Massachusetts  highway  commission,  in  collaboration 
with  the  Lawrence  Scientific  School  of  Harvard  University,  estab- 
lished a  road-material  laboratory  at  the  latter  institution.  Although 
paving-brick  tests  had  been  made  previously,  this  was  the  first  labora- 
tory in  the  United  States  for  testing  road  materials  in  a  systematic 
way.  The  Deval  abrasion  test  was  adopted,  and  tests  for  determining 
the  cementing  power  of  rock  dust  were  first  developed  there.  Since 
then  laboratories  have  been  equipped  with  appliances  for  testing  road 
materials  by  the  Maryland  Geological  Survey,  Columbia  University, 
Wisconsin  Geological  Survey,  Cornell  University,  the  University  of 
California,  and  the  United  States  Department  of  Agriculture. 

TESTS  OF  BOAB  MATEBLAXS  IN  FRANCE. 

In  December,  1878,  the  French  commission  on  national  roads 
decided  to  introduce  certain  mechanical  tests  at  the  laboratory  of  the 
School  of  Roads  and  Bridges,  to  be  conducted  in  addition  to  and  par- 
allel with  service  road  tests.  The  Deval  test,  bearing  the  name  of  its 
designer,  for  determining  the  resistance  offered  by  macadam  rocks  to 
abrasion  had  already  been  pronounced  by  the  street  department  of  the 
city  of  Paris  to  be  useful  and  reliable  in  testing  the  rock  used  in  con- 
tract work  and  for  selecting  new  quarries.  This  test  was  accordingly 
adopted  by  the  commission  and  a  laboratory  was  founded,  which  has 
steadily  increased  in  usefulness. 

The  Deval.  Machine. 

This  machine,  as  far  as  the  writer  has  been  able  to  ascertain,  was 
the  first  one  designed  especially  for  testing  road  materials.  It  was  first 
exhibited  at  the  Paris  Exposition  of  1878,  and  then  consisted  of  two 
iron  cylinders  fastened  to  a  shaft,  so  that  the  axis  of  each  cylinder  was 
at  an  angle  of  30  degrees  with  the  axis  of  rotation.  The  shaft  which 
held  the  cylinders  was  supported  on  bearings,  and  had  at  one  end  a 
pulley  wheel  by  which  the  cylinders  were  revolved  and  at  the  other 
a  revolution  counter.     Each  cylinder,  20  cm  in  diameter  and  34  cm 
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in  depth,  was  closed  at  one  end  and 
had  a  tightly  fitting  iron  cover  for 
the  other.  A  cut  of  a  similar  ma- 
chine slightly  modified  and  in  use  in 
the  Road  Material  Laboratory  is  shown 
in  fig.  1. 

In  adopting  the  Deval  machine,  the 
only  change  made  by  the  School  of 
Roads  and  Bridges  was  to  increase  the 
number  of  cylinders  to  eight  in  order 
to  increase  the  output.  The  eight  cylin- 
ders are  mounted  four  by  four  on  two 
parallel  shafts  geared  to  rotate  with 
the  same  rapidity.  This  arrangement 
renders  it  possible  to  make  eight  tests 
simultaneously.  The  method  of  oper- 
ation is  as  follows: 

The  rock  to  be  tested  is  broken  in 
sizes  as  nearly   uniform   as   possible, 
I  each  fragment  being  made  to  pass  in 
•g   all    positions   through    a   6-cm   ring. 
s  Five  kilograms  of  rock  thus  prepared 
I  and  previously  cleansed   by   washing 
I  and  subsequent  drying  are  placed  in 
J.  one  of  the  cylinders.     The  cover  is 
6  then  bolted  on  and  the  cylinders  re- 
volved at  the  rate  of  2,0()0  revolu- 
tions per    hour.     The  fragments  of 
stone  are  thrown   from   one    end  of 
the  cylinder  to  the  other  twice  in  each 
revolution,  and  thus  grind  and  pound 
against  one  another  and  the  ends  of 
the  cylinder.     At  the  end  of  five  hours, 
or  10,000  revolutions,  the  machine  is 
stopped,  the  cylinders  opened,  and  the 
contents  emptied   into  a  basin.     The 
cylinder  and   the  cover  are  carefully 
washed  and  the  water  used  is  poured 
into  the  same  receptacle.      Each  stone 
is   then   washed    and    brushed   under 
the   water   until  all  adhering  dust  is 
removed.     After  drying,  the  detritus 
is  separated  into  the  following  three 
sizes:  Above  1  cm,  between  1  cm  and 
0.16  cm,  and  below  0.16  cm.    Only  the 
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material  below  0.16  cm,  the  weight  of  which  is  recorded,  is  used  for 
the  purpose  of  the  test.^ 

At  first  a  standard  rock  of  superior  wearing  quality  was  always  placed 
in  one  of  the  cylinders  as  a  standard  of  comparison,  and  the  propor- 
tion of  the  weights  of  the  dust  under  0.16  cm  from  the  standard  rock 
and  from  the  rock  to  be  tested  was  assumed  to  give  their  relative  resist- 
ance to  abrasion.  It  was  found,  however,  that  only  the  best  varieties 
of  rock  gave  less  than  100  grams  of  powder  under  0.16  cm,  i.  e.,  20 
grams  per  kilogram  of  rock,  or  2  per  cent  of  their  weight.  The  num- 
ber 20  was  therefore  adopted  as  a  standard  of  excellence,  and  the 
''coefficient  of  wear"  for  any  rock  tested  may  be  obtained  by  the 
following  formula: 

Coefficient  of  wear=20x4^=^ 

W      W 

in  which  *' W"  is  the  weight  in  grams  of  the  detritus  under  0,16  cm 
in  size  obtained  per  kilogram  of  rock  used.* 

Compression  Test. 

In  addition  to  the  test  made  with  the  Deval  machine  the  following 
compression  test  was  later  adopted:  This  test  is  made  on  25  mm  cubes 
of  rock  with  a  hydraulic  compression  machine.  The  cubes  are  sawed 
al  the  laboratory  from  specimens  carefully  selected  to  represent  the 
average  quality  of  the  rock.  At  least  three  cubes  of  each  sample  are 
tested  after  desiccation  either  in  the  open  air  or  at  a  temperature 
of  40^  C,  or  after  being  saturated  with  water.  The  resistance  offered 
by  each  cube  is  obtained  in  kilograms  per  square  centimeter  of  bearing 
surface,  and  the  average  of  the  results  furnished  by  the  different  cubes 
is  used. 

Experience  having  shown  that  the  hardest  rocks  rarely  resist  a  load 
greater  than  2,000  kg  per  square-centimeter  section,  the  commission 
adopted  the  coefficient  20  for  the  materials  having  this  degree  of  resist- 
ance. This  corresponds  approximately  to  the  resistance  to  compres- 
sion of  wrought  iron.  The  coefficient  of  any  rock,  therefore,  may  be 
obtained  by  the  following  formula: 

Coefficient=?^+E=150  E. 
^0 

*'  E"  represents  the  breaking  load'  in  kilograms  per  square-centime- 
ter section.  To  determine  the  density  of  rock  the  cubes  used  for  the 
compression  test  are  measured  and  weighed.  This  is  undoubtedly 
the  most  accurate  of  any  of  the  simple  methods  for  making  this 
determination. 

«  Besaltfi  obtained  from  this  test  in  the  Road  Material  Laboratory  are  given  in 
Tftble  II,  page  26,  and  in  Table  A  of  the  Appendix. 
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The  Dorry  Test. 

The  test  for  hardness  is  made  with  the  Dorry  machine.  The  speci- 
mens to  be  tested  are  sawed  into  rectangular  prisms  8  cm  high 
with  a  base  4  cm  by  6  cm.  These  specimens  are  placed,  two  at  a  time, 
so  that  they  rest  on  the  upper  surface  of  a  circular  grinding  disk  of 
cast  iron,  which  is  rotated  in  a  horizontal  plane  by  a  crank.  They  are 
held  in  clamps  so  arranged  that  the  bases  of  the  specimens  rest  on 
alternate  sides  of  the  grinding  disk  26  cm  from  the  center.  The  spec- 
imens are  weighted  so  that  they  press  against  the  grinding  disk  with  a 
pressure  of  250  grams  per  square  centimeter.     Sand  of  a  standard 


Fig.  2.— Dorry  machine  for  determining  hardnesH. 

quality  and  size,  obtained  by  crushing  quartzite  rock  and  screening  it, 
is  fed  onto  the  disk  from  a  funnel.  The  quantity'  of  sand  used  in  each 
test  is  4  liters.  The  disk  is  rotated  at  the  rate  of  2,000  revolutions  per 
hour  for  two  hours.  A  drawing  of  this  machine,  slightly  modified,  is 
reproduced  in  fig.  2. 

After  2,000  revolutions  the  specimens  are  reversed  to  ascertain  if 
there  is  any  diflference  in  wear  between  the  two  ends  and  to  make  the 
result  approach  more  nearly  a  general  avemge  of  the  samples.  The 
diminution  in  the  height  of  the  specimen  is  measured  and  its  loss  in 
weight  determined  after  each  1,000  turns  of  the  grinding  disk.  No 
coefficient  of  wear  has  been  established  for  this  test,  but  the  loss  in 
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height  undergone  by  each  specimen  after  4,000  revolutions  of  the  disk 
is  taken  as  the  result  of  the  test  and  serves  for  comparison.  Tests 
are  always  made  on  at  least  three  specimens  of  each  sample,  and  the 
final  result  is  taken  from  their  average. 

Impact  Test. 

The  impact  test  is  made  with  a  machine  especially  designed  for  the 
purpose  at  the  national  laboratory.  It  resembles  a  pile  driver  very 
closely  in  principle,  consisting  of  a  hammer  with  vertical  guides  to 
direct  its  fall.  The  hammer  is  raised  by  a  cord  which  passes  over  a 
pulley  at  the  top  of  the  guides,  and  can  be  released  at  any  desired 
height,  from  which  it  falls  upon  the  test  piece  which  is  held  below  by 
clamps.  Two  hammei-s  are  employed,  one  weighing  42  kg  and  the 
other  20  kg  with  falls  of  respectively  100  cm  and  80  cm.  The  num- 
ber of  blows  necessary  to  crack  the  specimen,  and  also  the  number 
necessary  to  produce  its  complete  destruction,  is  noted.  The  test  is 
made  upon  4  cm  cubes,  at  least  three  cubes  being  used  for  each  speci- 
men with  each  hammer.  Occasionally  some  other  tests  are  used, 
including  the  determination  of  porosity,  the  effect  of  frost,  and  trans- 
verse breaking. 

Tests  on  Wood  Paving  Blocks. 

The  tests  most  commonly  used  for  wood  paving  blocks  consist  of 
the  determination  of  their  resistance  to  wear  when  saturated  with 
water;  resistance  to  compression,  resistance  to  impact,  the  determina- 
tion of  expansion  by  absorption  of  water,  and  the  measurement  of  the 
thrust  exerted  when  expansion  is  partially  prevented.  The  test  for 
wear  is  made  with  the  Dorry  machine.  The  specimens  consist  of  prisms 
of  the  same  dimensions  as  those  used  for  testing  the  hardness  of  pav- 
ing stones.  The  specimens  are  placed  in  the  machine  with  the  grain 
of  the  wood  at  right  angles  to  the  grinding  disk.  The  only  difference 
in  the  conduct  of  the  test  is  that  emery  is  used  as  the  grinding  agent 
instead  of  quartz  sand.  Only  the  loss  in  height  of  the  specimen  is 
recorded. 

The  compression  test  is  made  with  a  hydraulic  press  upon  prismatic 
specimens,  with  a  base  8  cm  square  and  a  height  equal  to  that  of  a 
paving  block,  the  grain  of  the  wood  being  parallel  to  the  direction  of 
the  load.  The  test  specimens  are  either  dried  at  a  temperature 
between  30^  and  40^  C,  or  they  are  saturated  with  an  amount  of 
water  estimated  to  be  equal  to  that  absorbed  by  a  paving  block  in 
service. 

The  resistance  to  impact  is  tested  with  the  machine  described  above 
upon  prisms  having  a  base  of  6  cm  square  and  a  height  equal  to  that 
of  a  paving  block.  The  test  piece  is  placed  in  a  cast-iron  case  7  cm 
square,  open  both  at  the  top  and  the  bottom,  and  is  held  in  place  by  a 
resinous  cement  which  completely  surrounds  it,  the  top  of  the  prism 
projecting  about  1  cm  above  the  case.     The  20  kg  hammer  is  employed 
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in  this  test,  with  a  height  of  fall  of  200  cm.  The  number  of  blows  of 
the  hammer  which  cause  an  appreciable  breakage  is  noted.  Failure  in 
the  test  piece  is  indicated  by  a  smaller  rebound  of  the  hammer  and  a 
diminution  in  the  height  of  the  specimen.  Three  dried  and  three  wet 
specimens  are  subjected  to  this  test. 

For  determining  the  thrust  caused  by  absorption  when  expansion  is 
partially  prevented,  whole  paving  blocks  are  used.  The  block,  after 
thorough  desiccation,  is  placed  in  a  water-tight  receptacle  and  held 
between  two  plates  at  top  and  bottom,  so  that  the  top  face  of  the  test 
piece  rests  against  a  block  of  cast  iron,  which  is  stationary.  The 
lower  plate  is  supported  on  the  small  lever  arm  of  a  cement-testing 
machine.  Water  at  a  temperature  of  30^  C.  is  poured  around  the 
paving  block,  and  as  expansion  takes  place  the  lever  arm  of  the 
machine  tends  to  rise.  When  it  rises  a  valve  is  opened  through  which 
mercury  pours  into  a  vessel  supported  at  the  end  of  the  arm  till  the 
arm  comes  back  to  mid-position,  when  the  valve  is  closed.  As  the 
lower  plate  is  fixed  when  the  long  lever  is  in  its  mid-position,  and  as 
this  arm  is  always  kept  automatically  in  that  place  the  specimen  is 
prevented  from  extending  longitudinally.  The  weight  of  the  mercury 
in  the  vessel  at  the  end  of  the  short  arm  is  at  any  moment  a  measure 
of  the  force  exerted  by  the  test  piece,  and  as  the  vessel  is  supported 
by  a  spring  balance,  this  can  be  read  at  any,  time.  Observations  are 
made  at  first  at  intervals  of  three  hours  then  at  intervals  of  twelve 
hours,  and  finally  at  intervals  of  twenty-four  hours  till  all  increase 
ceases.  It  will  be  seen  that  while  this  test  does  not  reproduce  closely 
the  conditions  that  exist  in  practice,  the  results  are  of  value  in  giving 
some  indication  of  the  amount  of  thrust  to  be  expected.  After  the 
test  the  specimens  are  weighed  to  ascertain  how  much  water  has  been 
absorbed. 

No  mechanical  tests  have  yet  been  devised,  or  considered  necessary, 
for  asphalts.  Chemical  analj^ses  are  made,  however,  to  determine  the 
proportion  of  bitumen,  sand,  calcium  carbonate,  clay,  pyrites,  etc. 

TESTS  OF  BOAB  MATEBIALS  IN  PORTUGAL. « 

The  laboratory  testing  of  road  materials  was  first  taken  up  in  Por- 
tugal in  1881,  in  the  district  of  Santarem.  The  Deval  test  of  the 
French  School  of  Roads  and  Bridges  was  adopted,  and  over  sixty 
varieties  of  rock  were  tested.  The  basalts,  diorites,  and  certain  of  the 
granites  from  the  valley  of  the  Tagus  gave  coefficients  of  wear  as 
high  as  24.  This  is  a  higher  coefficient  than  that  of  flint,  which  pre- 
vious to  this  test  was  thought  to  be  the  best  macadam  rock,  but  subse- 
quent trials  on  the  road  have  proved  this  to  be  a  mistake.  The 
coefficients  of  the  limestones  tested  ranged  from  2  to  l7.     Those  from 

«Jornal  doH  Kngenheiros  Civiles  Portuguezes,  1882,  18:  150.  Keviflta  da»Obra8 
Publicas  e  Minas,  vols.  13  and  24;  also  special  ministerial  report. 
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10  to  17  gave  good  results  on  roads  where  travel  was  light,  while  those 
below  10  were  found  to  be  too  soft. 

Compression  tests  are  also  carried  on  at  the  laboratory  for  testing 
materials  at  Lisbon,  which  is  equipped  with  three  compression 
machines.  Tests  can  be  made  on  10  cm,  7cm,  and  6  cm  cubes,  as 
desired  but  the  smaller  cubes,  which  are  cinished  both  dry  and  wet, 
are  generally  used  for  testing  road  materials.  No  coefficient  has  been 
worked  out  for  this  test.  The  number  of  kilograms  per  square  centi- 
meter required  to  destroy  a  test  piece  is  used  for  comparison.  All 
samples  are  sent  to  the  laboratory  by  the  directing  engineer  of  the 
district  from  which  they  come.  The  results  of  these  laboratory  tests 
have  been  found  to  be  in  agreement  with  the  limited  observations 
made  on  the  actual  wear  of  roads. 

HISTOBT  OF  PAVING  BBICE  TESTS. 

An  account  of  the  work  of  the  National  Brick  Manufacturers'  Asso- 
ciation in  establishing  a  standard  rattler  test,  and  of  the  critical  and 
confiiTnatory  studies  of  other  investigators  arising  therefrom,  would 
give  a  fairly  complete  history  of  the  development  of  paving  brick 
tests. 

Formerly  reliance  was  placed  entirely  on  the  decisions  of  the  street 
inspector,  who  rejected  individual  bricks  that  were  defective  in  form 
or  hardness.  The  necessity  for  such  work  has  not  disappeared,  even 
with  the  development  of  the  present  perfected  tests.  Many  engineers 
have  used  for  some  time  the  cross  breaking  and  crushing  tests,  or  else 
the  absorption  test  as  an  index  of  internal  structure,  but  gradually 
specific  tests  and  standards  of  quality  have  been  reached  through 
experience. 

The  rattler  test  has  been  used  for  some  years.  In  1896  the  National 
Brick  Manufacturers'  Association  appointed  a  commission  on  paving 
brick  tests.  The  first  report*  of  work,  issued  in  1897,  included  the 
results  of  the  following  studies:  The  rattler  test  by  Edward  Orton; 
the  absorption  test  by  H.  G.  Wheeler;  the  cross-breaking  test  and 
additional  studies  of  the  rattler  test  by  F.  F.  Harrington,  and  specifi- 
cations for  the  cross- breaking  test  by  J.  B.  Johnson.  As  a  conse- 
quence of  these  reports  the  rattler  test  was  chosen  as  the  most 
significant  and  reliable,  and  the  size  and  speed  of  the  rattler  and 
the  duration  of  the  test  were  specified  in  accordance  with  the  present 
standard,  although  no  abrasive  shot  were  then  used  in  the  rattler. 
The  absorption  test  was  condenmed  because  it  did  not  indicate  the 
the  relative  value  of  diflFerent  brands  of  paving  brick.  It  was 
admitted,  however,  that  there  existed  in  the  case  of  any  given  brick 
a  particular  per  cent  of  absorption  which  indicated  whether  the  brick 
had  been  properly  burned.     The  fact  was  also  brought  out  that  an 


<>  Report  of  the  Commission  appointed  to  Investigate  the  Subject  of  Paving  Brick 
Tests.    T.  A.  Randall  &  Co.,  Indiauapolis. 
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observation  extending  over  a  period  of  less  than  one  week  was  not  of 
sufficient  duration  to  represent  the  entire  absorptiveness  of  the  brick. 
The  directions  given  for  conducting  the  test  were  to  weigh  five 
abi-aded  bricks  after  drying  for  forty-eight  hours  at  a  temperature  of 
250^  F.,  then  immerse  them  for  forty-eight  hours  and  reweigh. 

The  cross  breaking  and  compression  tests  were  left  optional.  For 
the  former  test  knife-edges  rounded  both  tmnsversely  and  longitudi- 
nally were  recommended  and  ten  bricks  were  to  be  tested.  For  the 
latter  test  five  half  bricks  were  to  be  used  and  loaded  on  edge  through 
plaster  of  Paris  beds. 

About  the  same  time  a  study  of  the  rattler  test  was  conducted  at  the 
University  of  Illinois  by  A.  N.  Talbot  to  determine  the  proper  com- 
position of  an  abittsive  agent  for  use  in  the  rattler  test.  It  appeared" 
that  it  was  necessary  to  use  a  mixture  of  large  and  small  cast-iron  shot 
in  order  to  distinguish  between  soft  and  hard  brick  in  the  rattler  test. 

Minor  studies  of  the  rattler  test  were  made  at  Purdue  University 
by  W.  K.  Hatt*  and  at  the  State  Agriculture  College  of  Iowa  by 
A.  Marston.*'  The  former  showed  that  the  moisture  condition  of  the 
brick  was  important.  The  latter  made  a  study  of  the  cross-]>reaking 
tost  and  showed  that  the  large  variation  in  individual  results  was  due 
to  real  diflferences  in  the  quality  of  the  bricks  tested. 

Gomer  Jones*'  described  a  rattler  in  which  the  bricks  were  held  in 
pockets  cast  on  the  staves  so  that  the  interior  of  the  rattler  was  lined 
with  brick,  on  the  surface  of  which  lining  the  shot  filling  rolled  and 
produced  impact  and  abrasion.  The  committee  on  technical  investi- 
gations of  the  National  Brick  Manufacturers'  Association  subjected 
Talbot's  *'shot  process"  and  the  Gomer- Jones  process  to  a  thorough 
examination  by  comparing  the  action  of  the  two  processes  on  bricks 
of  known  grade.  The  results  reported  in  1900*  favored  the  use  of 
that  form  of  shot  suggested  by  Talbot,  and  a  new  standard  of  the 
National  Brick  Manufacturers'  Association,  which  prescribed  a  shot 
filling,  was  accordingly  adopfed.  The  Jones  rattler  was  found  to  be 
mechanically  defective.  This  rattler  was  improved  by  Talbot  and  a 
new  investigation  of  the  action  of  the  improved  rattler  compared  with 
the  action  of  the  standard  process  was  instituted.  The  results  given 
in  a  preliminary  report  of  the  committee  of  the  National  Brick  Manu- 
facturers' Association  in  August,  1901,  showed  that  reliance  could  be 
placed  on  both  the  standard  process  and  the  Gomer-Jones  process  as 
modified  by  Talbot.  A  description  of  the  sUindard  method  as  finally 
adopted  by  the  National  Brick  Manufacturers'  Association  will  be 
given  among  the  methods  of  the  Road  Material  Laboratory. 

«The  Technojrraph,  University  of  Illinois,  No.  12,  1898. 
*> Proceedings  Indiana  Engineering  Society,  1899. 
^Proceedings  Iowa  Engineering  SfX'iety,  1899. 
tf  Columbus  Meeting  of  N.  B.  M.  A.,  1899. 
« Detroit  Convention,  February,  IIKK), 
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METHODS  AlTD  TESTS  OP  THE  EOAD  MATEEIAL  LABOEATOET. 

The  Road  Material  Laboratory  was  established  in  December,  1900, 
in  the  Bureau  of  Chemistry.  Up  to  the  present  time  reports  have 
been  made  on  about  five  hundred  samples,  representing  a  geographical 
distribution  over  thirt\^-eight  States  of  the  Union  and  including  a 
number  of  samples  from  Porto  Rico  and  Cuba. 

The  primary  object  of  this  laboratory  is  to  make  standard  tests  on 
road  materials,  free  of  charge,  for  citizens  of  the  United  States.  In 
addition  to  this  allied  problems  may  be  presented  for  study,  such  as 
the  suitability  of  clays  for  the  manufacture  of  paving  bricks,  drain 
tiles,  cements,  etc.,  the  testing  of  cements  and  concretes  for  road 
foundations,  drains,  gutters,  and  highway  bridges.  It  is  the  intention 
of  the  Department  to  aid  as  far  as  possible  in  the  solution  of  all  the 
problems  of  road  building,  but  more  particularly  those  relating  to  rural 
highways.  It  is  not,  however,  the  policy  of  the  Department  to  under- 
take scientific  investigation  or  tests  of  materials  for  manufacturers  or 
others  who  desire  to  use  the  information  thus  acquired  to  promote 
commercial  ends. 

Any  person  desiring  to  have  road  materials  tested  will,  on  applica- 
tion, be  supplied  with  instructions  for  collecting  and  shipping  samples 
to  this  laboratory.  The  tests  as  carried  on  at  present  are  described 
in  the  following  pages. 

TESTS  FOB  BOCK  AND  GBAVEL.  , 

Abrasion  Test. 

This  test  is  almost  identical  with  the  Deval  test  already  described 
under  the  French  methods,  the  only  difference  being  the  omission  of 
certain  features  not  deemed  strictly  necessary,  and  a  few  modifications 
in  the  machine  to  simplify  its  operation  and  lessen  the  cost  of  construc- 
tion. This  machine,  shown  in  fig.  1,  p.  18,  is  made  entirely  of  cast 
iron  and  has  given  excellent  service.  The  test  is  made  in  the  follow- 
ing manner:  The  sample  to  be  tested  is  first  broken  in  pieces  that  will 
pass  in  all  positions  through  a  6  cm  (2.4-inch)  ring,  but  not  through  a 
3  cm  (1.2-inch)  ring.  The  stones  are  then  cleansed,  dried  in  a  hot- 
air  bath  at  100^  C,  and  cooled  in  a  desiceator.  Five  kilograms  are 
weighed  and  placed  in  one  of  the  cylinders,  the  cover  bolted  on, 
and  the  machine  rotated  at  the  rate  of  2,000  revolutions  per  hour  for 
five  hours.  When  the  10,000  revolutions  of  the  machine  are  com- 
pleted the  contents  of  the  cylinder  are  placed  on  a  sieve  of  0.16 
cm  (tV  inch)  mesh,  and  the  material  which  passes  through  is  again 
sifted  through  a  sieve  of  0.025  cm  (0.01  inch)  mesh.  Both  sieves  and 
the  fragments  of  rock  remaining  on  them  are  held  under  running 
water  till  all  adhering  dust  is  washed  off.  After  the  fragments  have 
been  dried  in  a  hot-air  bath  at  100°  C.  and  cooled  in  a  desiccator  they 
are  weighed  and  their  woigiit  subtracted  from  the  original  5  kg  (11 
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pounds).  The  difference  obtained  is  the  weight  of  detritus  under  0.16 
cm  (jV  inch)  worn  off  in  the  test,  from  which  the  French  coefficient  of 
wear  is  determined  by  the  formula  already  given.  Besides  the  French 
coefficient,  the  percentage  of  material  under  0.16  cm  in  size  is  also 
reported.  For  a  time  another  coefficient,  called  the  Department  coeffi- 
cient, was  used,  which  was  obtained  by  subtracting  4,000  grams  from 
the  weight  of  the  remaining  fragments  over  3  cm  (1.2  inches)  in  size 
and  dividing  the  difference  by  10.  This  allows  a  possible  range  in 
results  from  0  to  100,  i.  e.,  if  1,000  grams  or  20  per  cent  of  the  material 
is  abraded  from  the  original  5  kg,  the  result  will  be  0,  and  the 
material  is  considered  unfit  for  road  making;  if  no  dust  is  worn  from 
the  original  5  kg  the  result  will  be  100. 

Although  both  the  French  and  the  Department  coefficients  are  arbi- 
trary, they  have  a  distinct  value.  The  French  coefficient  has  been  in 
use  for  many  years,  and  is  familiar  to  road  builders  throughout  the 
East.  At  present  both  the  French  coefficient  and  the  per  cent  of  wear 
are  reported,  and  the  Department  coefficient  will  also  be  given  on 
application.  In  Table  II  are  given  the  maximum  and  minimum  per- 
centages of  wear  and  the  French  coefficient  for  all  varieties  of  rock 
that  have  been  tested  in  this  laboratory,  and  in  Table  A  of  the  Appen- 
dix the  results  on  each  sample  tested  are  given. 

Table  1 1 .  — A  brasion  test 


Name  oi  material. 


Amphibolite 

Andetdtc 

Basalt 

Chert 

Clay 


Conglomerate 

Diabase 

Diorite :.. 

Dolomite 

Ecloffite 

Felsite 

Field  stone  (erratics) . 

Flint 

Oabbro 

Gneiw 

Granite 

LimeKtonc 

Mixed  stone 

Peridotite 

Quartzite 

Rhyolite 

Sandstone 

Schist 

8halc 

Slag 

Slate 

Hyenite 


Number 

of 
sampler. 

Per  cent 
Maximum. 

6 

4.6 

3 

6.4 

G 

16.6 

10 

27.  «J 

1 

19.1 

2 

12.7 

14 

6.3 

8 

3.4 

16 

18.  (I 

1 

2.9 

2 

8.4 

1 

6.0 

1 

7.2 

1 

2.9 

6 

5.2 

15 

14.8 

46 

84.2 

1 

8.7 

1 

3.6 

8 

3.6 

9 

9.7 

7 

31.8 

16 

7.1 

2 

16.2 

2 

8.3 

2 

6.9 

1 

2.8 

1.5 
2.6 
1.7 
2.7 
19.1 
5.7 
1.2 
1.9 
2.5 
2.9 
1.9 
5.0 
7.2 
2.9 
1.9 
1.8 
2.8 
8.7 
8.6 
2.2 
1.8 
3.4 
1.9 
4.7 
7.6 
4.7 
2.8 


Coefficient  of  wear. 


Maximum. 

Minimum. 

26.7 

8.5 

16.2 

6.3 

23.6 

2.4 

14.6 

1.4 

2.1 

2.1 

7.0 

3.2 

34.5 

6.4 

20.6 
18.1 
13.8 
21.3 
8.0 
5.5 
14.3 
20.7 
21.7 
14.2 
4.6 
11.1 
18.2 
22.9 
11.6 
20.6 
8.6 
5.2 
8.5 
14.4 


11.7 
2.2 

13.8 

11.9 
8.0 
6.5 

14.3 
7.7 
2.7 
1.2 
4.6 

11.1 

U.1 
4.1 
1.3 
6.7 
2.5 
4.8 
5.8 

14.4 
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Cementation  Test.^ 

The  binding  or  cementing  power  of  rock  dust  is  such  an  important 
element  in  road  building  that  much  time  has  been  spent  in  the  endeavor 
to  devise  a  suitable  test  for  determining  the  degree  to  which  the  vari- 
ous rocks  and  gravels  possess  this  property.  Many  tests  have  been 
tried,  but  as  yet  only  an  impact  test,  carried  on  in  a  uniform  manner 
as  described  below,  has  given  satisfactory  results. 

One  kilogram  of  the  rock  to  be  tested  is  broken  sufficiently  small 
to  pass  a  6  mm  but  not  a  1  mm  mesh  screen.  It  is  then  placed  in  a 
ball  mill  and  is  ground  for  two  hours  and  a  half.     This  ball  mill, 


FiQ.  8.— Ball  mill. 

shown  in  fig.  3,  contains  two  chilled  iron  balls  which  weigh  25  pounds 
each,  and  is  revolved  at  the  rate  of  2,000  revolutions  per  hour.  It 
was  found  by  experiment  that  grinding  rock  thus  prepared  for  two 
hours  and  a  half  was  sufficient  to  reduce  it  to  a  powder  that  would 
pass  through  a  0.25  mm  mesh.  The  dust  thus  obtained  is  mixed  with 
water  to  about  the  consistency  of  a  stiff  dough,  and  is  kept  in  a  closed 

«Thi8  test,  and  the  necessary  machines  for  conducting  it,  were  designed  and  devel- 
oped by  the  writer  for  the  Massachusetts  Highway  Commission  and  the  Road  Mate- 
rial Laboratory.  The  impact  machine  at  present  used  was  built  especially  for  this 
laboratory  by  the  Maryland  Geological  Survey,  under  the  direction  of  Mr.  A.  N. 
Johnson,  highway  engineer  to  the  survey,  who  made  several  useful  modifications  in 
the  machines. 
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jar  for  twenty-four  hours.  About  25  grams  of  this  dough  is  placed  m 
a  cylindrical  metal  die,  25  mm  in  diameter,  which  can  be  seen  in  fig. 
4.  A  closely  fitting  plug,  supported  by  guide  rods,  is  inserted  over 
the  material,  which  is  then  subjected  to  a  pressure  of  100  kg  per  square 
centimeter. 

It  is  most  important  that  these  briquettes  should  be  compressed  in 
a  uniform  manner,  and  for  this  a  special  machine  has  been  designed 
(fig.  5).  The  die  is  placed  on  an  iron  platform  supported  by  a  piston 
rod,  which  is  connected  directly  with  a  h3'draulic  piston  l\elow.  Water 
from  a  tank  is  admitted  to  the  hydraulic  cylinder  through  a  small 
orifice  in  the  pipe.  As  the  piston  rises  the  platform  and  die  are  car- 
ried up  with  it,  the  plug  of  the  latter  coming  in  contact  with  a  yoke 
attached  to  a  properly  weighted  lever  arm.     When  the  lever  arm  is 

raised  one-eighth  of  an  inch 
it  closes  an  electric  circuit 
which  trips  a  right-angle  cock, 
shutting  off  the  water  and 
opening  the  exhaust.  One 
minute  is  required  to  com- 
press a  briquette,  and  the 
maximum  load  is  applied  only 
for  an  instant.  By  this  device 
practically  uniform  conditions 
are  obtained. 

The  height  of  the  briquette 

is  measured,  and  if  it  is  not 

exactly  25  mm  the  requisite 

amount  of  material  is  added 

or  subtracted  to  make  the  next 

briquette  the  required  height. 

Five  briquettes  are  made  from 

each  test  sample,  and  allowed 

Pig.  4.-Briquette  die.  to  dry  twelve  hours  in  air  and 

twelve  hours  in  a  steam  bath.     After  cooling  in  a  desiccator  they  are 

tested  by  impact  in  a  machine  especially  designed  for  the  purpose  (fig.  6). 

It  consists  of  a  1  kg  (2.2  pounds)  hammer  (//),  which  is  guided  by  two 

vertical  rods  (/>).     The  hammer  (//),  which  ends  in  a  small  cone  at  the 

top  (Z),  is  caught  on  the  lower  side  of  the  cone  by  two  spring  bolts  (S) 

and  is  lifted  by  a  crosshead  (/)  which  is  joined  to  a  crank  shaft  al>ove. 

A  vertical  rod  (P),  which  is  directly  over  the  hammer  cone,  can  be 

adjusted  by  thumbscrews  to  give  a  drop  to  the  hammer  varying  from 

a  fraction  of  a  millimeter  to  10  cm.     This  rod  has  a  hollow  cone  at  its 

lower  end  into  which  the  cone  of  the  hammer  head  is  thrust  when  the 

hammer  is  lifted  by  the  crosshead  (/).     When  the  cone  of  the  hammer 

head  is  brought  into  the  cone  of  the  adjusting  rod  the  hammer  is 
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exactly  centered  and  brought  free  of  the  guide  rods  {D),     As  the  cross- 
head  (/)  continues  to  rise,  the  bolts  supporting  the  hammer,  which  are 


^NGHAMMUi. 


Fig.  C— Impact  machine  to  determine  cementinK  value  of  rwk. 

tapered  at  an  angle  of  about  45"^,  are  thrust  open  by  the  sloping  head 
of  the  adjusting  cone  rod  {P)  releasing  the  hammer,  which  falls  on 
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a  flat-end  plunger  {B)  of  1  kg  weight,  which  is  pressed  upon  the 
briquette  (O)  by  two  light  spiral  springs  surrounding  the  guide  rods 
(i^.  This  plunger  {B)  is  bolted  to  a  crosshead  ( G).  A  small  lever  (J) 
holding  a  brass  pencil  (K)  at  its  free  end,  is  connected  with  the  side 
of  the  crosshead,  by  a  link  motion  arranged  so  that  it  gives  a  vertical 
movement  to  the  pencil  five  times  as  great  as  the  movement  of  the 
crosshead.  The  pencil  is  pressed  against  a  drum  (J.),  and  its  move- 
ment is  recorded  on  a  slip  of  silicated  paper  fastened  thereon.  The 
drum  is  moved  automatically  through  a  small  angle  at  each  stroke  of 
the  hammer;  in  this  way  a  record  is  obtained  of  the  movement  of  the 
crosshead  during  and  after  each  blow  of  the  hammer.  To  the  cross- 
head  (  G^)  is  fastened  a  steel  rod  (B)  which  passes  up  through  the  cross- 
head  (7)  and  through  a  piece  of  metal  securely  attached  to  the  cone 
rod  (jP).  At  this  junction  a  vernier  scale  is  graduated,  by  means  of 
which  the  height  of  blow  of  the  hammer  can  be  accurately  set  to  0.1 
mm,  and  by  lowering  the  cone  rod  until  it  rests  on  the  hammer  cone 
(Z)  the  height  of  the  briquette  can  also  be  measured  to  0. 1  mm. 

The  standard  fall  of  the  hammer  for  a  test  is  1  cm  (0.39  inch)  and 
this  blow  is  repeated  until  the  bond  of  cementation  of  the  material  is 
destroyed.  The  blow  producing  failure  is  easily  ascertained,  for  when 
the  hammer  falls  on  the  plunger,  if  the  material  beneath  it  can  with- 
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Fio.  7. — Dia^^m  showing  point  of  failure  in  cementation  test. 

stand  the  blow  it  recovers;  if  not,  the  plunger  stays  at  the  point  to 
which  it  is  driven,  and  in  either  case  the  behavior  of  the  test  piece  is 
recorded  on  the  drum.  The  automatic  record  thus  obtained  from  each 
briquette  is  filed  for  future  reference.  A  copy  of  one  of  these  records 
is  shown  in  fig.  7.  The  number  of  blows  required  to  destroy  the  bond 
of  cementation  or  resilience,  as  described  above,  is  noted  and  the 
average  obtained  upon  five  briquettes  is  given  as  the  cementing  value. 
The  problem  of  holding  the  test  piece  rigidly  under  the  intervening 
plunger,  so  that  it  would  not  be  subjected  to  lateral  movements  and 
transverse  strains,  is  one  which  has  given  much  difficulty.  Until 
recently  a  small  brass  plate  with  a  beveled  hole  slightly  larger  than 
the  diameter  of  the  briquette  was  used,  but  it  was  found  that  the  test 
piece  was  often  seriously  abraded  by  the  side  thrust  developed.  Later 
attempts  to  secure  the  briquette  by  various  clamping  devices  were  not 
satisfactory.  Finalh^  the  method  was  adopted  of  placing  a  drop  of 
thick  shellac  on  the  bottom  of  the  test  piece,  which  caused  it  to  adhere 
firmly  to  the  bedplate.  Careful  attention  to  such  details  as  these  is 
necessary  in  order  to  get  satisfactory  results  from  this  test. 
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The  original  method  for  molding  the  briquettes  was  worked  out  in 
the  laboratory  of  the  Massachusetts  Highway  Commission  and  diflFers 
somewhat  from  the  method  as  described  above.  In  the  earlier  prac- 
tice the  requisite  amount  of  rock  dust  to  make  a  briquette  was  weighed 
out  while  dry,  mixed  with  3  to  4  cubic  centimeters  of  water,  and  the 
briquette  immediately  molded  from  the  wet  dust.  It  is  well  known 
to  practical  road  buildei*s  that  the  binding  power  of  many  rocks 
increases  under  the  combined  influence  of  water  and  traffic  as  time 
goes  on.  This  question  has  received  a  great  deal  of  attention  and 
investigation  in  this  laboratory.  Experiments  have  shown  that  the 
cementing  value  is  increased  if  the  dough  made  from  a  rock  dust  is 
allowed  to  stand  for  some  time  before  being  molded,  and  it  is  still  more 
increased  if  the  dough  is  kneaded.  This  is  plainl}'^  seen  in  the  results 
obtained  on  a  sample  of  dolomite.  This  dolomite  is  a  celebrated  road- 
building  material  in  the  locality  in  which  it  is  found,  and  it^  most 
marked  characteristic  is  the  way  that  its  binding  power  increases 
after  it  has  been  on  the  road  for  some  time.  A  series  of  experiments 
was  conducted,  bearing  on  this  point,  in  which  the  rock  dust  was  made 
to  a  stiff  dough  and  briquettes  molded  at  stated  intervals.  A  new  lot 
of  dust  was  made  up  and  well  kneaded  by  hand  for  one  hour.  The 
results  were  as  follows: 

Cementing 
value. 

Dough  tested  at  once 16 

4  hours  old 50 

24  hours  old 81 

72  hours  old 79 

96  hours  old 77 

120  hours  old 79 

144  hours  old 83 

8  days  old 81 

Kneaded  1  hour 190 

An  inspection  of  this  table  clearly  shows  the  importance  of  conduct- 
ing the  operations  of  this  test  under  uniform  conditions.  In  mixing 
the  dust  with  water  to  form  the  dough,  the  operator  should  be  trained 
to  knead  each  specimen  as  nearly  ss  possible  in  the  same  manner  for 
the  same  length  of  time.  After  twenty-four  hours  standing  in  a 
closed  jar  a  cementing  value  is  developed  which  remains  fairly  con- 
stant. When  carried  out  in  a  uniform  manner  by  a  skilled  operator 
this  test  has  no  higher  percentage  of  variation  on  homogeneous  sam- 
ples than  is  found  in  testing  the  tensile  strength  of  cement  briquettes. 
Road  materials  vary  widely  in  this  important  property,  but  the  test  is 
undoubtedly  of  the  highest  comparative  value  and  practicability,  for 
it  distinguishes  between  excellent,  good,  fair,  and  poor  binding  mate- 
rials. It  should  be  remembered  that  from  the  very  nature  of  the 
materials  to  be  tested  it  is  impossible  to  expect  a  degree  of  accuracy 
such  as  is  obtained  in  the  testing  of  perfectly  homogeneous  substances. 
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The  maximum  and  minimum  results  obtained  from  the  tests  of  the 
cementing  value  of  the  various  materials  received  in  this  laboratory 
are  given  in  the  following  table,  and  in  Table  A  of  the  Appendix  are 
found  the  results  obtained  on  each  sample. 

Table  III. — Cementing  values  of  roadrbuilding  rocks. 


Name  of  rock. 

Amphibolite . . . 

Andesite 

Basalt 

Chert 

CTay 

ConglomeTate.. 

Diabase 

DIorite 

Dolomite 

Eclogite 

Felsite 

Field  stone  (er- 
ratics)   

Flint 


Number, 
of 

Maximum. 

1 
Minimum.  | 

sampleti. 

6 

86 

3 

3, 

337 

14 

9I 

72 

2 

16 

1,083 

10 

13  1 

4,000+ 

35 

3 

327 

12 

26 

110 

2 

9 

137 

1 

15 

161 

2 

2 

20 

8 

' 

101 

2 

48 

46 

5 

1 

81 

81 

1 

I  Number 
Name  of  rock.  of 

samples. 


Gravel 

Gneiss 

Gabbro 

Granite 

Limestone. 
Peridotite. 
Quartzite . . 
Rhyolite... 
Sandstone . 

Schist 

Shale 

Slag 

Slate 

Syenite 


I 


Minimum. 


2 

1 

12 

2 

8 

3 

2 

1 

8 

2 

62 

19 

161 

2 


Test  for  Toughness.^ 

This  test  is  made  on  25  mm  X  25  mm  (0.98  inch)  rock  cylinders 
with  an  impact  machine  especially  designed  for  the  purpose  (fig.  8). 
Inbtead  of  a  flat-end  plunger  resting  on  the  test  piece  as  in  the  cemen- 
tation test,  a  plunger  with  the  lower  and  bearing  surface  of  spherical 
shape,  having  a  radius  of  1  cm  (0.4  inch)  is  ased.  It  can  be  seen  that 
the  blow  as  delivered  through  a  spherical-end  plunger  approximates 
as  nearly  as  practicable  the  blows  of  traffic.  Besides  this,  it  has  the 
further  advantage  of  not  requiring  great  exactness  in  getting  the  two 
bearing  surfaces  of  the  test  piece  parallel,  as  the  entire  load  is  applied 
at  one  point  on  the  upper  surface.  The  test  piece  is  adjusted  so  that 
the  center  of  its  upper  surface  is  tangent  to  the  spherical  end  of  the 
plunger,  and  the  plunger  is  pressed  tirml}-  upon  the  test  piece  by  two 
spiral  springs  which  surround  the  plunger  guide  rods.  The  test  piece 
is  held  to  the  base  of  the  machine  by  a  device  which  prevents  its 
rebounding  when  a  blow  is  struck  by  the  hammer.  The  hammer 
weighs  2  kg  and  is  raised  by  a  sprocket  chain  and  released  automatic- 
ally by  a  concentric  electro-magnet.  The  test  consists  of  a  1  cm 
fall  of  the  hammer  for  the  first  blow,  and  an  increased  fall  of  1  cm 
for  each  succeeding  blow  until  failure  of  the  test  piece  occurs.     The 

« This  test  waa  designed  by  the  writer  while  in  charge  of  the  laboratory  of  the 
Massachosetts  Highway  Commission,  but  was  never  put  in  operation.  It  has  been 
very  much  modified  in  the  Wa8hinfj:ton  laboratory. 
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Flo.  8.— Impact  machine  for  detennining  toughness. 
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number  of  blows  required  to  destroy  the  test  piece  is  used  to  represent 
the  toughness.  A  sufficient  number  of  results  have  not  yet  been 
obtained  with  this  test  to  warrant  their  publication. 

The  cylindrical  test  pieces  employed  are  made  with  a  core  saw 
designed  for  the  purpose.  It  consists  of  a  steel  tube  supported  by 
journals  in  a  vertical  position  and  held  in  a  cast-iron  frame.  A  link 
motion  lever  rests  on  the  upper  end  of  the  tube  on  a  ball  bearing.  A 
spiral  spring  is  attached  to  the  free  end  of  the  lever  by  which  the 
downward  pressure  of  the  tube  can  be  adjusted.  Water  is  fed  in  the 
top  of  the  tube  by  a  small  rubber  hose,  and  at  the  center  is  a  pulley 
wheel  by  which  the  tube  is  revolved  at  about  800  revolutions  per 
minute.  The  bottom  or  cutting  end  of  the  tube  is  set  with  bort  by  a 
specially  designed  method.  This  saw  cuts  very  rapidly  and  the  waste 
is  very  much  less  than  in  cube  cutting,  in  addition  to  which  the  cylin- 
drical test  piece  is  better  adapted  for  this  test. 

Absorption  Test. 

The  uiethod  used  for  determining  the  absorptiveness  of  rock  is  not 
intended  to  give  the  porosit}^  but  merely  the  number  of  pounds  of 
water  that  is  absorbed  by  a  cubic  foot  of  rock  in  ninety -six  hours. 
A  smoothly  worn  stone,  between  20  and  60  grams  in  weight,  which 
has  been  through  the  abrasion  test  is  used.  After  being  weighed  in 
air,  it  is  immersed  in  water  and  immediately  reweighed  in  water. 
After  ninety-six  hours  of  immersion  it  is  again  weighed  in  water. 
The  absorptiveness  of  the  rock  is  expressed  by  the  following  formula: 

^Number  of  pounds  of  water  absorbed  by  a  cubic  foot  of  rock== 

in  which  A  is  equal  to  the  weight  in  air,  B  the  weight  in  water  imme- 
diately after  immersion,  C  the  weight  in  water  after  absorption  for 
ninety-six  hours,  and  62.5  the  weight  of  a  cubic  foot  of  water.  From 
these  weights  the  specific  gravity  and  the  weight  per  cubic  foot  of  the 
rock  are  also  determined. 

The  method  first  used  by  Gilmore,"  and  later  by  Winchell  and 
Williams,*  diifers  from  this  method  in  that  the  stone  used  in  the  test 
was  taken  out  of  the  water  in  which  it  w-as  immersed,  its  surface  dried 
with  a  filter  paper,  and  its  weight  taken  every  twenty -four  hours  until 
absorption  ceased.  The  absorptiveness  was  expressed  by  giving  the 
number  of  parts  by  weight  of  stone  required  to  absorb  one  part  b\^ 
weight  of  water.  The  method  used  in  this  laboratory  is  in  no  way  better 
than  the  earlier  method  except  that  it  requires  less  manipulation  and 
the  results  are  more  practical  for  road  builders.     Table  I,  on  page  13, 


a  A.  A.  Gibnore.     Report  on  Building  Stones  of  the  United  States,  1875,  p.  8. 

ft  J.  F.  Williams.     Annual  Report  of  the  Arkansas  Geological  Sun^ey,  1890,  p.  47. 
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shows  the  maximum  and  minimum  per  cent  of  water  absorbed  by  each 
variety  of  rock  tested  and  has  already  bpen  considered  in  connection 
with  the  effect  of  freezing  on  road  materials. 

Specific  Gravity  and  Weight  Per  Cubic  Foot. 

The  specific  gravity  and  weight  per  cubic  foot  for  all  rock  samples 
are  calculated  from  the  weights  used  for  determining  the  absorptive- 
ness  of  rocks,  which  are  given  in  Table  A  of  the  Appendix. 

Test  for  Hardness. 

The  laboratory  is  equipped  with  a  Dorry  machine  for  testing  the 
hardness  of  materials  according  to  the  standard  method  of  the  French 
School  of  Roads  and  Bridges.  The  machine,  however,  has  just  been 
installed  and  no  results  have  as  yet  been  obtained. 

Compression  and  Tensile  Strength  Tests. 

The  laboratory  is  equipped  with  a  200,000-pound  universal  Riehl^ 
testing  machine  and  a  30,000-pound  Olscn.  Although  compre.8sion 
and  tensile  strength  tests  do  not  form  part  of  the  routine  examination 
of  road  materials,  they  are  often  of  the  highest  value  in  special  cases. 

TESTS  FOB  PAVINQ  BRICK. 
Rattler  Test. 

The  machine  for  conducting  this  test  is  shown  in  fig.  9.  It  con- 
sists essentially  of  a  rotation  drum  partially  filled  with  large  and  small 
cast-iron  blocks  or  shot.  The  wearing  quality  of  paving  brick  is 
judged  by  the  loss  sustained  after  a  sample  has  been  subjected  in  this 
drum  for  one  hour  to  the  impact  and  abrasion  of  these  cast-iron  shot. 
For  the  first  600  rotations  the  loss  is  mainly  due  to  a  chipping  action 
which  develops  the  brittleness  of  the  brick;  between  1,200  and  1,800 
rotations  the  loss  is  mainly  due  to  an  abrasive  action  which  develops 
the  softness  of  the  brick.  During  the  test  any  defects  of  structure, 
such  as  planes  of  separation,  will  probably  result  in  rupture.  The 
particular  form  of  rattler  shown  was  designed  and  built  at  Purdue 
University,  Lafayette,  Ind.  It  is  an  overhanging  rattler,  and  at  the 
free  end  there  is  convenient  access  to  the  drum  for  the  purpose  of 
inserting  and  removing  the  bricks,  an  operation  which  in  the  ordinary 
form  of  rattler  necessitates  the  removal  of  a  slat  of  the  drum.  A 
tight  sheet-iron  cover  prevents  the  escape  of  dust.  The  worn  material 
is  caught  in  a  pan,  as  shown  in  the  illustration. 

The  rattler  is  28  inches  in  diameter  and  20  inches  long  and  has  14 
cast-steel  slats.  It  is  run  at  a  speed  of  30  rotations  per  minute  for 
1,800  revolutions.  The  charge  to  be  placed  in  the  rattler  consists  of 
9  paving  blocks  or  12  dry  bricks,  together  with  300  pounds  of  shot 
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made  of  ordinary  machine  cast-iron.  The  shot  are  of  two  sizes.  The 
larger  size  (2^  by  4i  inches)  weigh  7.5  pounds  each  and  have  slightly 
rounded  edges;  the  smaller  shot  (1.5-inch  cubes)  weigh  about  seven- 
eighths  of  a  pound  each.  The  charge  is  composed  of  75  pounds  of  the 
larger  and  225  pounds  of  the  smaller  size.  The  individual  shot  are 
replaced  by  new  ones  when  they  have  lost  about  one-tenth  of  their 
original  weight.  The  loss  in  weight  undergone  by  a  sample  of  the 
brick  under  test  at  the  end  of  1,800  revolutions  is  found  by  comparing 
the  original  weight  of  the  brick  with  its  weight  after  test.     The  los>s 


Fig.  9.— Brick  rattler. 

in  per  cent  of  the  original  weight  is  the  factor  determining  the  quality 
of  the  brick.  For  the  best  paving  brick  this  loss  should  not  l)e  in 
excess  of  18  per  cent.  The  above  conditions  are  those  demanded  in 
the  standard  specifications  recommended  by  the  National  Brick  Manu- 
facturer's Association. 

In  order  to  collect  data  which  will  give  a  knowledge  of  the  degree 
of  variation  in  the  quality  of  individual  brick  this  laboratory  deter- 
mines the  loss  of  weight  of  individual  brick  as  well  as  the  average  loss 
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of  the  charge.  Furthermore,  since  the  loss  during  the  earlier  stages  of 
the  test  is  mainly  due  to  a  chipping  action  and  the  subsequent  loss  to 
the  wearing  or  a})rasive  action  of  the  charge,  both  factors  of  quality 
are  reported,  viz,  the  chipping  loss  at  400  or  600  rotations  and  the 
wearing  loss  between  1,200  and  1,S00  rotations.  The  fonn  of  report 
for  the  rattler  test  is  given  in  the  Appendix. 

The  rattler  test  for  paving  brick  has  won  the  confidence  of  engineers 
after  a  very  searching  investigation  extending  over  a  number  of  }■  ears. 
As  now  conducted,  this  test  is  constant  in  its  action  and  gives  valuable 
evidence  concerning  the  wearing  qualities  of  brick. 

Absori>tion  Test. 

The  absorption  test  is  valuable  in  determining  the  degree  of  heat  at 
which  the  brick  was  burnt.  It  is  not,  however,  practicable  to  specify 
a  fixed  per  cent  of  absorption  to  which  competitive  samples  of  different 
brands  of  paving  brick  must  conform." 

The  absorptiveness  of  paving  brick  is  detennined  in  this  laboratory 
by  immersing  in  distilled  water  a  brick  whicb  has  passed  through  the 
rattler  test  and  been  thoroughly  dried.  The  gain  in  weight  after 
ninety-six  hours'  immersion  is  determined  and  expressed  in  percentage 
of  the  original  weight  of  the  brick.  The  fact  that  some  paving  bricks 
are  covered  with  an  impervious  shell  makes  it  desirable  to  conduct  this 
test  on  a  brick  whose  interior  structure  is  accessible  to  water;  there- 
fore, only  bricks  that  have  been  su>)jected  to  the  rattler  test  are  used. 
As  far  as  present  evidence  shows,  there  is  no  serious  objection  to  a 
high  rate  of  absorption  on  account  of  danger  from  disiaiption  of  the 
brick  through  the  action  of  frost.  Defects  of  internal  structure, 
however,  such  as  internal  planes  of  division  due  to  fault}^  annealing, 
present  an  opportunity  for  the  disruptive  action  of  freezing  wat-er. 
These  internal  faults  of  structure  are  made  evident  in  the  rattler  test. 

Cross-breaking  and  Compression  Tests. 

Facilities  exist  in  the  laboratory  for  performing  both  of  these  tests 
according  to  approved  methods  on  the  testing  machines  already  men- 
tioned. The  core  drill  shown  in  fig.  10  is  available  for  making  C34in- 
drical  test  pieces  of  1  or  2  inch  diameter  from  the  body  of  the  brick 
for  the  compression  test.  Cross-breaking  and  compression  tests  are, 
however,  considered  to  be  of  secondary  importance  and  do  not  furnish 
as  valuable  evidence  of  the  quality  of  the  brick  as  do  the  rattler  and 
absorption  tests. 

TESTS  FOB  CEMENT. 

For  making  physical  and  mechanical  tests  on  cement  a  Fairbanks 
testing  machine  and  other  necessary  equipment  are  used.     The  stand- 

a  Seventeenth  Annual  Report  of  the  Illinois  Society  of  Engineers  and  Survevors, 
1902,  p.  160. 
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aid  methods  adopted  by  the  American  Societ}^  of  Civil  Engineers  are 
closely  followed.  Facilities  also  exist  for  the  analysis  of  the  raw 
materials  and  their  actual  mixture  and  manufacture  into  cement  on  a 
lai)oratory  scale.  Lack  of  funds,  however,  has  so  far  prevented  the 
testing  or  investigation  of  cements  and  concretes  except  in  a  desultory 
way. 

CliASSIFICATION   OF  MATERIALS. 

It  is  most  essential  that  all  rocks  tested  at  the  laboratory  should  be 
analyzed  petrographica.lly  or  chemically,  and  properly  classified, 
otherwise  endless  confusion  would  result. 

PETROCiRAPllK^    ANALYSIS. 

The  methods  of  petrographic 
examination  do  not  differ  essenti- 
ally from  those  generally  em- 
plo}  ed.  .  The  laboratory  is  ecjuip- 
ped  with  an  exceptionally  good 
microscope  of  the  latest  Fuess 
model,  which,  besides  the  usual 
attachments,  is  provided  with  a 
revolving  analyzer  in  the  tube 
for  the  determination  of  v^ery  low 
doubly  refracting  minerals  and  a 
Schwarzmaim  scale  for  the  meas- 
urement of  optical  axial  angles. 
Another  imj)ortant  accessory  is 
the  detachable-screw  micrometer, 
movable  in  the  focal  plane  of  the 
ocular  by  means  of  a  drum  screw, 
which,  with  the  most  powerful 
objective  lens,  records  a  drum 
interval  of  0.000040  nmL 

A  very  important  feature  of 
the  microscopic  work  is  the  rela- 
tive quantitative  determination  of 
the  mineral  components  of  rock, 
to  accomplish  whi(?h  an  ordinarv 

^1  •  1        •  "  Fig.  10.— Core  drill. 

tixed   eyepiece   navmg   a   square 

field  was  divided  into  100  quadratic  areas.  With  the  aid  of  this  cross- 
line  field,  each  s(|uare  of  which  is  one  one-hundredth  of  the  whole  field, 
the  relative  proportions  of  the  minerals  occupying  the  field  can  be 
i-eadily  determined  by  simply  noting  the  number  of  squares  covered 
by  each  mineral  in  turn.  Averages  derived  from  numerous  examin- 
ations of  this  kind  in  various  parts  of  the  section  indicate  the  per- 
centage of  the  different  minerals  constituting  the  rock  itself. 
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In  describing  the  character  of  the  material,  the  origin  of  the  rock, 
as  far  as  revealed  by  the  microscope,  has  been  observed.  Thus  rocks 
with  well-defined  porphyritic  or  flow  stmcture,  such  as  rhyolite,  ande- 
site,  volcanic  tuffs,  etc.,  are  considered  as  effusive  or  volcanic,  while 
deep-seated  varieties  such  as  granite,  syenite,  quartz-porphyry,  etc., 
are  described  as  plutonic  or  intrusive  as  the  case  may  be.  When  the 
mode  of  origin  is  obscure,  the  general  term  "igneous"  is  used.  Sand- 
stones, limestones,  etc.,  on  the  one  hand,  and  quartzitcs,  schists, 
gneisses,  etc.,  on  the  other  are  treated  as  sedimentary  and  metamorphic 
rocks  respectively,  while  disintegrated  material  such  as  sands,  clays, 
etc. ,  are  classed  as  sedimentary  deposits. 

.  In  describing  the  igneous  rocks  a  very  simple  classification  accord- 
ing to  well-recognized  types  has  been  best  adapted  to  the  requirements 
of  the  laboi*atory.  No  attempt  is  made  to  subdivide  these  main  fami- 
lies except  in  rare  instances  where  minerals  foreign  to  the  normal 
composition  of  the  rock  occur  in  appreciable  quantities.  Thus  a 
granite  rich  in  hornblende  would  be  termed  hornblende-granite,  or  a 
syenite  containing  much  augite,  augite-syenite,  etc. 

Finally  the  reports  under  general  remarks  call  attention  to  the 
origin  of  the  secondary  constituents  as  well  as  to  the  color,  texture 
structure,  and  other  physical  properties  of  the  rock  specimen  likely 
to  be  of  use  to  road  builders.  The  tabulated  results  on  all  samples 
examined  will  be  found  in  Table  B  of  the  Appendix.  Microphoto- 
graphs  have  been  made  from  sections  of  some  of  the  principal  types 
of  rocks  examined  and  some  of  these  photographs,  selected  to  show 
the  characteristic  structure  of  various  t3^pes,  are  reproduced  in  Plates 
I  to  V,  inclusive. 

Chemical  Analysis. 

The  pui-pose  of  the  chemical  analysis  of  I'oad  materials  is  to  supple- 
ment the  petrographic  identification  and  classification  of  rocks  as  well 
as  to  supply  data  which  when  taken  in  connection  with  the  physical 
tests  may  furnish  information  as  to  the  value  of  a  given  material.  The 
study  and  chemical  examination  of  cla^^s,  marls,  etc.,  has  become  an 
impoilant  part  of  the  laboratory  work,  not  only  because  the  manu- 
facture of  cements,  drain  tiles,  and  pipes  is  indirectly  a  road-building 
problem,  but  also  on  account  of  recent  efforts  to  construct  practical 
roads  by  mixtures  of  burnt  and  raw  clay  in  sections  of  the  country 
where  no  stone  is  available.  The  rapid  growth  of  intelligent  interest, 
which  is  taking  place  all  over  the  country,  in  the  problems  of  road 
building  has  brought  about  a  greatly  increased  demand  for  laboratory 
methods  of  investigation.  The  number  of  samples  presented  for 
examination  and  the  subsidiary  value  of  the  chemical  examination  in 
most  cases  have  led  to  modifications  of  the  ordinary  methods  of  rock 
anal}' sis  which,  in  the  experience  of  this  laboi*atory,  furnish  a  suflS- 
cient  degree  of  accuracy  with  the  minimum  exi)enditure   of  time. 
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The  number  of  inquiries  received  as  to  the  methods  used  in  the  chem- 
ical analysis  of  rocks,  clays,  cements,  etc.,  has  shown  that  in  spite  of 
the  great  number  of  text  books  on  technical  chemical  analysis,  there 
is  a  demand  for  methods  of  rock  and  clay  analysis  which  shall  be  at 
the  same  time  practical,  rapid,  and  accurate  enough  for  the  purpose 
in  hand. 

The  methods  as  given  in  detail  in  the  Appendix  have  been  tested  in 
the  hands  of  several  workers  on  a  large  number  of  samples,  and  have 
been  found  to  ^aeld  satisfactory^  results  when  compared  with  more 
complete  and  acx^urate  work.  Analysis  is  always  made  on  air-dry 
samples,  as  the  directions  usually  given  in  text- books  for  operating 
on  samples  dried  at  100^  C.  invariably  lead  to  bad  results,  since  plastic 
clays  and  rock  powders  reabsorb  compai-atively  large  quantities  of 
water  from  the  air  after  being  heated.^ 

By  following  the  scheme  of  anal3'8is  given  in  the  Appendix  several 
analyses  can  be  completed  by  one  man  in  one  working  day,  provided 
the  fusions  have  been  made  on  the  preceding  day  and  the  evaporation 
for  the  separation  of  the  silica  allowed  to  go  on  over  night.  There  is 
no  claim  made  that  these  short  cuts  yield  results  as  accui*ate  as  more 
precise  and  tedious  methods;  in  fact,  any  scheme  of  analysis  which 
divides  a  gram  sample  into  five  aliquot  parts  is  open  to  criticism,  as 
each  determination,  with  the  exception  of  the  silica,  has  its  error 
multiplied  by  five.  Nevertheless,  if  the  pipette  for  dividing  the  solu- 
tion is  accurately  standardized  to  deliver  exactly  the  fifth  of  the  con- 
tents of  the  half-liter  flask  used,  the  summation  of  the  complete 
analysis  comes  within  0.5  per  cent  of  100  in  the  large  majority  of 
analyses. 

Among  the  rarer  or  more  unusual  elements  only  manganese  and 
titanium  are  included  in  the  scheme  of  analysis.  Undoubtedly  other 
elements,  such  as  chromium,  barium,  strontium,  zirconium,  lithium, 
chlorin,  and  fluorin  are  present  in  many  rocks  and  clays,  but  usuall}'^ 
the  amounts  are  so  small  that  for  practical  purposes  they  can  be 
ignored.  Titanium,  on  the  other  hand,  is  rarely  absent  and  is  not 
infrequently'  present  to  the  extent  of  several  per  cent.  Although  the 
effect,  if  any,  of  titanium  on  the  properties  of  clays  and  cements  is 
not  known,  it  is  certainly  wrong  to  report  this  constituent  as  alumina, 
as  is  nearly  always  done. 

TEE  APPLICATION  OF  LABOBATOBT  BESUIiTS  TO  PRACTICE. 

The  proper  interpretation  and  application  of  the  results  obtained  in 
the  laboratory  are  quite  as  important  as  the  general  accuracy  and 
appropriateness  of  the  tests  themselves.  It  is  probable  that  many 
engineers  and  others  interested  in  the  subject  of  road  building  who 

"Ouflhman.    Jour.  Am.  Chem.  Hoc.,  May,  1903. 
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have  found  time  to  examine  the  question  only  superficially  have  mis- 
understood the  bearing  and  value  of  road-material  tenting.  In  all 
cases  the  results  obtained  in  testing  materials  of  construction  are  of 
relative  rather  than  absolute  value.  Even  quite  a  large  variation  in 
the  results  yielded  by  different  test  pieces  of  the  same  sample  should 
not  condemn  the  pmctical  valut^.  of  the  figures  if  they  are  properly 
applied  and  interpreted.  The  necessary  qualities  of  road  materials 
have  to  be  considered  from  the  double  standpoint  of  furnishing  a 
strong,  unyielding,  well-drained  road  foundation  and  a  hard,  coherent 
binder  surface.  In  road  building  the  attempt  should  be  made  to  get 
a  perfectly  smooth  surface,  neither  too  hard,  too  slippery,  nor  too 
noisy,  and  as  free  as  possible  from  mud  and  dust,  these  resulti^  to  l>e 
attained  and  maintained  as  cheaply  a*^  possible.  Such  results,  how- 
ever, can  be  achieved  only  by  selecting  the  material  and  methods  of 
construction  best  suited  to  the  conditions. 

Given  a  number  of  materials  for  laborator}^  examination,  it  is  not 
pretended  that  an  actual  practical  grade  of  excellence  can  be  estal)- 
lished.  On  the  other  hand,  if  more  than  one  material  is  available,  it 
is  quite  possible  for  the  laboratory  to  point  out  which  one  would  yield 
the  best  results  both  as  to  immediate  excellence  and  length  of  life 
under  known  conditions  of  climate  and  tmffic.  Undoubtedly  in  many 
cases  large  sums  of  money  have  been  wasted  in  building  roads  from 
unsuitable  material,  which  might  have  been  saved  by  n^ferring  the 
materials  to  the  laboratory.  If,  for  instance,  it  is  desired  to  know 
whether  an  available  rock  will  be  useful  as  a  top  dressing  to  form  the 
binder  surface,  no  better  method  of  obtaining  preliminary  information 
on  the  subject  is  known  than  to  test  the  cementing  value.  Undoubt- 
edlv  some  rocks  will  yield  powder  from  successive  test  pieces  which 
shows  very  wide  variations  in  this  value  under  the  conditions  of  the 
test,  but  there  is  at  present  no  difficulty  in  distinguishing  ])etween 
good  and  bad  material.  It  is  true  that  ])efore  the  disco ver3'  that  cer- 
tain road  materials  increase  in  l)inding  power  after  being  in  use  for  a 
time  some  errors  were  made.  A  notable,  although  exceptional,  example 
of  this  kind  was  a  southern  chert  from  Alabama.  The  method  f  ormerh' 
used  of  mixing  the  rock  dust  with  water  and  immediately  molding 
the  briquettes,  as  previously  described  in  this  bulletin,  yielded  a  low 
cementing  value,  and  the  rock  was  not  recommended  as  a  surfacing 
material  if  a  better  one  was  available.  It  appears,  however,  that 
these  southern  cherts  develop  a  high  binding  power  under  traffic  and 
make  excellent  roads.  Under  the  present  method  of  conducting  the 
cementation  tests — i.  e. ,  allowing  the  dough  to  stiind  before  molding  it, 
the  briquettes  of  this  same  chert  gave  a  comparatively  high  cementing 
value.  It  has  been  impossible,  under  the  pressure  of  routine  work 
during  the  current  year,  to  prepare  the  figures  and  results  of  these 
and  many  other  investigations  for  publication  in  this  bulletin.     These 
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results  will  be  reserved  for  a  special  report  on  the  cementing  value  of 
road  materials,  to  be  published  as  soon  as  possible. 

It  has  already  been  stated  that  a  road  material  can  not  be  selected^ 
irrespective  of  the  volume  and  character  of  traffic  and  the  climatic 
conditions  to  which  it  is  to  be  subjected,  without  the  risk  of  failure. 
When  the  very  great  cost  even  of  rural  highways  is  considered,  it  is 
evident  that  it  is  gross  negligence  not  to  use  every  preliminary  pre- 
caution to  guard  against  expensive  mistakes.  In  order  to  properly 
designate  the  conditions  best  suited  for  a  particular  material  it  soon 
became  evident  that  traffic  must  be  classified  according  to  its  volume 
and  character.  The  following  five  divisions  of  traffic  are  therefore 
made:  City  (perurban),  urban,  suburban,  highway,  and  country  road. 
City  (perurban)  traffic  is  such  as  exists  on  the  business  streets  of  lai-ge 
cities,  and  no  macadam  road  can  withstand  it.  For  such  a  traffic  stone 
and  wood  blocks,  asphalt,  brick,  or  some  such  materials  are  necessary. 
Urban  traffic  is  such  as  exists  on  city  streets  which  are  not  subjected 
to  continuous  heavy  teaming,  but  which  have  to  withstand  very  heav}^ 
wear,  and  require  the  hardest  and  toughest  macadam  rock,  or  other 
highly  resistant  material.  Suburban  traffic  is  such  as  is  common  in 
the  suburbs  of  a  city  and  the  main  streets  of  country  towns.  High- 
way traffic  is  a  traffic  equal  to  that  of  the  main  country  roads.  Country 
road  traffic  is  that  of  the  less  frequented  country  roads. 

This  classification  is  purely  arbitrary,  but  it  serves  the  purpose  for 
which  it  was  intended,  and  each  group  can  be  approximately  identified 
by  a  road  builder.  City  (perurban)  traffic  requires  the  hardest  and 
toughest  materials  available,  having  the  highest  wearing  qualities. 
For  urban  traffic,  such  materials  as  asphalt,  brick,  wood  block,  and 
bituminous  macadam  are  suitable,  and  if  ordinary  macadam  is  used, 
a  rock  of  the  highest  hardness,  toughness,  and  wearing  qualities  is 
needed.  For  a  suburban  traffic  the  best  rock  would  be  one  of  high 
toughness  but  of  less  hardness  than  for  urban  ti*affic.  For  highway 
traffic  a  rock  of  medium  hardness  and  toughness  is  best,  and  for 
country  road  traffic  a  comparatively  soft  rock  of  medium  toughness. 

To  obtain  the  best  results  on  a  macadam  road  that  rock  should  be 
selected  which  would  resist  the  wear  of  the  traffic  to  which  it  is  sub- 
jected to  such  a  degree  as  to  supply  just  the  sufficient  amount  of  bind- 
ing nmterial  to  cement  the  road.  Too  much  or  too  little  wear  are 
alike  injurious.  The  higher  the  cementing  value  of  the  rock  the 
smaller  the  wear  necessary.  When  a  road  is  first  constructed  a 
sufficient  amount  of  binding  material  must  be  supplied  to  cause  it 
to  ''come  down"  under  the  roller  or  traffic.  If  the  subsequent  traffic 
is  not  sufficient  to  wear  oflf  the  requisite  amount  of  binder  to  replace 
that  carried  off  by  wind  and  rain  the  road  *' ravels."  If  the  traffic 
wears  oif  an  excess  of  binding  material,  mud  and  dust  result.  In 
either  case  the  material  is  not  well  suited  to  the   conditions.      In 
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the  first  case  a  softer  rock  should  be  used;  in  the  latter,  a  harder, 
tougher  rock,  and  in  all  cases  a  rock  of  high  binding  power.  For 
example,  if  a  country  road  or  city  park  way,  where  only  a  light  traffic 
prevails,  were  built  of  a  very  hard  and  tough  rock  with  a  high  cement- 
ing value,  neither  the  best  results  nor  the  cheapest,  if  a  softer  rock 
were  available,  would  be  obtained.  Such  a  rock  would  so  effec- 
tively resist  the  wear  of  a  light  traffic  that  the  amount  of  fine  dust 
worn  off  would  be  carried  away  by  wind  and  rain  faster  than  it  would 
be  supplied  by  wear.  Consequently  the  amount  of  binder  produced 
by  wear  would  be  insufficient,  and  if  not  supplied  from  some  other 
source  the  road  would  soon  go  to  pieces.  The  first  cost  of  such  a  rock 
would  in  most  instances  be  greater  than  that  of  a  softer  one,  and  the 
necessary  repairs  resulting  from  its  use  would  also  be  expensive. 

It  has  already  been  pointed  out  in  a  former  publication''  from  this 
laboratory  that  rocks  belonging  to  the  same  species  and  having  the 
same  name,  but  coming  from  different  localities,  vary  from  each  other 
in  their  physical  road-building  properties  almost  as  much  as  they  do 
from  rocks  of  distinct  species.  Wide  variation  also  occurs  in  the 
mineral  composition  of  rocks  of  the  same  species,  as  well  as  in  the 
size  and  arrangement  of  their  crystals.  It  is  impossible,  therefore, 
to  classify  rocks  for  road  building  by  simply  giving  their  specific 
names.  It  can  be  said,  however,  that  certain  species  of  rocks  pos- 
sess in  common  some  road-building  properties.  For  instance,  the 
trap*  ro<»ks  as  a  class  stand  heavy  traffic  well,  as  they  are  bard, 
tough,  usually  liave  binding  power,  and  are  therefore  frequently 
spoken  of  as  the  best  rocks  for  road  building.  This,  however,  is 
not  always  true,  for  numerous  examples  can  be  shown  in  which  trap 
rocks  having  the  above  properties  in  the  highest  degree  have  failed 
to  give  good  results  on  light-traffic  roads.  The  reason  trap  rock 
has  gained  so  nuich  favor  with  road  builders  is  because  a  large 
majority  of  macadam  roads  in  our  country  are  built  to  stand  an 
urban  traffic,  and  the  traps  stand  such  a  traffic  better  than  any  other 
single  class  of  rocks.  There  are,  however,  other  rocks  that  will  stand 
an  urban  traffic  perfectly  well,  and  there  are  traps  that  are  not  suffi- 
ciently hard  and  tough  for  a  suburban  or  highway  traffic.  The  granites 
are  generally  brittle  and  man}'  of  them  do  not  })ind  well  but  there  are 
a  great  many  which  when  used  under  proper  conditions  make  excel- 
lent roads.     The  felsites  are  usually  very  hard  and  brittle  and  nuiny 

«The  Selection  of  Materials  for  Macadam  Roads,  Yearlxx)k  of  the  Department  of 
Agriculture,  1900. 

^Thia  term  is  derived  from  the  Swedisjh  word  trappa,  meaning  steps,  and  was 

•  originally  applie<i  to  the  crystallized  basalts  of  the  coast  of  Sweden,  which  much 

resemble  steps  in  api)earance.    As  now  used  by  road  builders,  it  embraces  a  laige 

variety  of  igneous  rocks,  chiefly  those  of  fine  crystalline  structure  and  of  dark-blue, 

gray,  and  green  colors.     They  are  generally  dialiases,  diorites,  trachytes,  and  basalts. 
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have  excellent  binding  power,  some  varieties  being  suitable  for  the 
heaviest  macadam  traffic.  Limestones  vary  greatly  but  generally 
bind  well;  they  are  soft  and  frequently  improve  under  traffic.  Quartz- 
ites  are  almost  always  very  hard,  brittle,  and  have  very  low  binding 
power.     The  slates  are  usually  soft,  brittle,  and  lacli  binding  power. 

When  samples  of  rock  are  received  at  the  laboratory  without  a 
request  for  specific  information,  the  method  of  procedure  is  as  follows: 
The  samples  are  subjected  to  the  tests  alread}^  enumerated,  and  the 
results  are  classified  and  compared  with  those  of  like  value  and  known 
worth  in  practice.  These  results,  together  with  a  statement  of  the 
particular  group  of  traffic  to  which  the  materials  are  best  suited  are 
forwarded  to  the  sender  ^.  When  samples  are  sent  for  the  purpose  of 
ascertaining  which  is  best  suited  for  a  particular  road,  the  sender  is 
requested  if  possible  to  supply  the  laboratory  with  a  census  of  the 
traffic  or,  if  this  is  impracticable,  to  state  what  class  of  tmffic  passes 
over  the  road.  The  tests  are  then  made  and  the  results  classified  and 
compared  as  in  the  previous  case.  Full  information  regarding  the 
climatic  conditions  is  obtained  from  the  Weather  Bureau  and  that 
material  is  selected  which  the  results  indicate  to  be  best  suited  to  the 
conditions.  Allowance  is  always  made  for  at  least  a  15  per  cent 
increase  in  the  volume  of  traffic  due  to  the  improved  conditions,  if  the 
road  is  to  be  macadamized  for  the  first  time. 

As  time  goes  on  and  the  behavior  of  these  tested  materials  is  studied 
and  records  of  traffic  are  accumulated  the  value  of  the  laboratory  tests 
will  constantly  increase.  Cooperation  among  the  increasing  number 
of  laboratories  in  the  country  is  much  needed  and  uniform  methods  of 
testing  should  be  adopted.  The  American  Society  for  Testing  Mate- 
rials has  been  asked  to  appoint  a  committee  to  investigate  the  whole 
subjecl  of  the  testing  of  road  materials  with  a  view  to  bringing  the 
work  of  the  various  and  widely  separated  laboratories  under  standard 
conditions.  As  soon  as  the  rapidly  growing  mass  of  data  on  this 
subject  is  thus  made  uniform  and  comparable  it  will  be  of  the  very 
highest  value. 

Those  who  are  familiar  with  the  problems  of  rural  road  building 
know  the  great  difficulty  of  selecting  among  the  available  materials 
for  a  particular  road  the  one  which  will  give  the  best  results  for  the 
least  cost  of  construction  and  maintenance.  There  are,  undoubtedly, 
practical  road  builders  whose  judgment  on  the  road-making  qualit}^  of 
a  rock  is  excellent,  but  experience  with  materials  of  construetioci  in 
general  has  proved  that  it  is  wise  and  economical  to  test  the  physical 
properties  of  materials  before  entering  on  the  expenditure  of  large 
sums  of  money.  Bridge  building  would  not  have  become  the  high  art 
that  it  has  had  not  the  careful  and  systematic  testing  of  materials  put 

O'  See  forms  on  page  75  of  the  Ai)pendix. 
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into  the  hands  of  the  engineer  preliminary  data  on  which  to  base  his 
calculations  and  estimates.  It  is  hoped  that  before  long  intelligent 
cooperation  will  make  this  true  of  road  building.  To  this  end  the 
laboratory  has  decided  on  the  following  plan  to  govern  its  future  work. 
It  will  require  a  few  years  for  the  completion  of  the  plan,  but  by  fol- 
lowing it  until  a  better  one  is  evolved  the  usefulness  of  the  laboratory 
should  constantly  increase. 

As  it  is  impossible  to  accurately  judge  the  quality  of  a  road  material 
unless  the  conditions  of  climate  and  traffic  on  the  particular  road  where 
it  is  to  be  used  are  known,  it  is  intended  to  secure  such  data  as  far  as 
possible.  For  this  purpose  a  form^  for  making  a  census  of  the  volume 
and  character  of  traffic  on  any  road  has  been  prepared.  The  cost  of 
such  a  census  is  trifling  when  the  total  cost  of  the  road  is  considered, 
and  the  observations  may  be  made  by  anyone  living  within  view  of  the 
road.  When  enough  of  these  records  have  been  accumulated,  the  traffic 
of  a  road  may  be  expressed  by  a  number,  if  a  unit  and  standard  scale 
are  agreed  upon  to  suit  the  average  conditions  of  the  country  as  has 
been  done  in  France.  The  maximum,  minimum,  and  mean  conditions 
of  temperature,  rainfall,  and  wind  velocity  for  any  locality  can  be 
obtained  from  the  Weather  Bureau,  and  also  classified  according  to  a 
similar  scale.  When  a  large  number  of  standard  results  of  different 
tests  have  been  accumulated  and  compared  with  the  results  of  practice, 
it  will  be  possible  to  classify  them  into  five  groups  to  correspond  to 
the  five  subdivisions  of  traffic.  Thus,  when  a  test  sample  is  received 
at  the  laboratory,  together  with  a  census  of  the  traffic  on  the  road  to 
be  constructed,  the  traffic  and  climate  will  be  placed  in  their  proper 
groups  and  the  hardness,  toughness,  resistance  to  wear,  cementing 
value,  weight  per  cubic  foot,  and  absorptiveness  will  each  be  graded 
according  to  the  same  standard  scale.  By  this  method  the  best  avail- 
able material  for  any  road  can  be  selected  with  a  high  degree  of  accu- 
racy, for  the  proposed  classification  will  be  based  on  the  observations 
of  practice  as  well  as  on  laboratory  tests.  Such  results  can  not  fail  to 
be  of  the  highest  value  to  the  road  engineer. 

«  See  page  77,  Api)endix. 
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METHODS  OF  CHEMICAL  ANALYSIS  ESPECIALLY  ADAPTED  TO 
THE  BAPID  EXAMINATION  AND  CLASSIFICATION  OF  BOAD 
MATEBIALS. 

I.     COMPLETE  ANALYSIS. 

A. — Subst/inces  mainly  hisoluble  in  hydrochloric  acid. 

The  sample  for  analysis  is  powdered  on  the  agate  mortar  until  all  indication  of 
gritty  particles  has  disappeared.  The  sample  is  then  spread  in  a  thin  layer  between 
filter  papers  and  allowed  to  stand  overnight  to  air  dry. 

Exactly  1  gram  is  weighed  into  a  large  platinum  crucible  and  mixed  with  from  4 
to  6  grams  of  a  fusing  mixture,  which  is  made  by  grinding  together  in  a  porcelain 
mortar  50  grams  sodic  carbonate,  50  grams  potassic  carbonate,  and  2  grams  of  potas- 
sic  nitrate. 

The  crucible  is  heated  up  gradually  over  an  ordinary  Bunsen  flame  until  all  bub- 
bling has  ceased  and  the  contents  are  in  a  state  of  quiet  fusion,  when  the  blast  lamp 
is  applied  at  its  maximum  temperature  for  ten  minutes.  The  liquid  fusion  is  imme- 
diately poured  into  a  platinum  dish  floating  in  a  basin  of  water.  The  material  still 
adhering  to  the  crucible  is  dissolved  in  dilute  hydrochloric  acid  with  the  usual  pre- 
cautions, and  after  the  removal  of  the  crucible  and  cover  the  fused  button  is  added. 
After  solution  is  complete  the  cover  is  removed  from  the  casserole  and  the  contents 
evaporated  to  dryness  as  quickly  as  possible  on  the  steam  bath.  As  dryness  is 
approached  the  lumps  are  broken  up  with  a  button-ended  stirring  rod,  and  the  heat- 
ing continued  until  the  residue  has  the  consistency  of  a  dry  powder.  This  residue  is 
taken  up  with  dilute  hydrochloric  acid  and  the  silica  filtered  and  washed.  The 
procedure  at  this  point  depends  upon  the  degree  of  accuracy  desired,  and  two  meth- 
ods are  accordingly  suggested. 

(1)  Accurate  method. — The  filtrate  from  the  silica  is  again  evaporate<l  to  complete 
dryness,  taken  up  with  dilute  hydrochloric  acid,  and  the  small  amount  of  silica 
filtered  out,  washed,  and  united  with  that  obtained  by  the  first  filtration.  After 
burning  off  the  paper  the  white  silica  is  blasted  at  the  highest  temperature  of  the 
blast  lamp  for  fifteen  minutes,  cooled,  and  weighed.  It  is  then  treated  with  an  excess 
of  hydrofluoric  acid  and  two  or  three  drops  of  strong  sulphuric  acid,  evaporated 
carefully  to  dryness,  and  finally  blasteii.  The  true  per  cent  of  silica  present  is  shown 
by  the  loss  in  weight.  The  weighed  crucible  containing  the  small  residue  is  pre- 
served for  the  ignition  later  on  of  the  main  portion  of  the  alumina,  together  with  the 
oxids  of  iron,  phosphorus,  and  titanium,  but  as  the  filtrate  is  divided  into  aliquot 
parts,  only  one-fifth  of  the  weight  of  the  residue  applies  as  a  correction. 

(2)  Rapid  approximate  method.— One  evaporation  to  complete  dryness  on  the  water 
bath  is  made,  care  being  taken  to  break  up  the  lumps  of  the  residue  by  stirring  and 
rubbing  with  a  flat-end  glass  rod  a.s  the  point  of  dryneas  is  approached.  The  residue, 
which  should  be  quite  dry  and  powdery,  is  taken  up  with  hydrochloric  acid  and  the 
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silica  filtered,  washed,  and  burned  white  over  an  ordinary  Bunsen  flame.  The 
error  resulting  from  a  single  evaporation  on  the  water  bath  is  in  most  cases  very 
nearly  counterbalanced  by  the  error  introduced  by  omitting  the  blasting,  while  the 
saving  in  time  is  very  considerable.  The  slight  amount  of  silica  which  remains  in 
solution  is  carried  down  later  with  the  iron  and  alumina,  and  serves  to  counterbal- 
ance the  small  quantity  of  aluminum  phosphate  and  alumina  almost  always  found 
in  the  silica. 

Whichever  of  the  two  procedures  as  given  above  has  been  followed,  the  filtrate 
from  the  silica  is  transferred  to  a  500  cc  graduated  flask,  diluted  to  the  mark  and 
very  thoroughly  shaken.  This  is  solution  A.  A  100  cc  pipette  which  has  been 
carefully  calibrated  to  divide  the  contents  of  the  flask  into  exact  fifths  under  stand- 
ard conditions  is  used  for  dividing  the  solution  into  aliquot  parts.  Manganese 
usually  shows  itself  in  the  green  color  which  it  imparts  to  the  fusion,  and  a  slight 
pinkish  color  which  cAn  be  observed  when  the  fusion  is  first  treated  with  hydro- 
chloric acid.  A  100  cc  portion  having  been  transferred  to  a  beaker,  its  treatment 
will  depend  upon  whether  or  not  manganese  is  present. 

(1)  When  manganese  is  present. — Add  a  solution  of  sodic  carbonate  until  one  or 
two  drops  in  excess  have  produced  a  permanent  precipitate.  Clear  with  one  drop 
of  concentrated  hydrochloric  acid.  Dilute  to  200  cc,  add  ten  drops  of  glacial  acetic 
acid  and  2  grams  of  crystallized  sodic  acetate.  Heat  to  boiling  and  boil  three  min- 
utes. Allow  to  settle  and  filter  hot.  Wash  a  little  with  2  per  cent  sodium  acetate 
solution,  dissolve  the  precipitate  in  an  excess  of  hydrochloric  acid,  and  reprecipitate 
with  ammonia — filter,  wash,  ignite,  and  weigh.  The  two  filtrates  are  combined  and 
boiled  for  some  time  with  additions  of  bromin  water  until  the  precipitation  of  man- 
ganese dioxid  is  complete.  The  precipitate  is  ignited'  over  the  ordinary  Bunsen 
flame  and  weighed  as  MngO^.  The  filtrate  from  the  manganese  dioxid  precipitate 
which  contains  calcium  and  magnesium  is  put  on  the  steam  bath  for  concentration 
while  other  portions  of  the  analysis  are  proceeded  with. 

(2)  When  manganese  is  absent, — Ammonia  is  added  in  slight  excess,  the  solution 
boiled  for  two  minutes  and  filtered  hot,  using  the  pump.  Unless  the  precipitate  is 
a  small  one,  another  precipitation  is  necessary.  The  precipitate  is  dissolved  in  hydro- 
chloric acid  in  the  same  beaker,  reprecipitated  with  ammonia,  filtered,  washed  with 
hot  water,  blasted,  and  weighed.  If  necessary  the  combined  filtrates  are  placed  on 
the  steam  bath  for  concentration.  The  paper  containing  the  precipitate  is  transferred 
wet  to  a  weighed  crucible.  If  the  accurate  method  has  been  used,  there  will  be  a 
weighetl  crucible  ready  to  rec^eive  it.  The  paper  and  contents  are  rapidly  dried  by 
keeping  the  crucible  moving  over  a  free  flame,  the  paper  is  burned  oU  and  the  pre- 
cipitate finally  blt^ted  and  weighed.  This  weight  represents  ferric  oxid,  alumina, 
titanium  oxid,  and  phosphoric  anhydrid. 

Total  Iron. 

One  hundred  cubic  centimeters  of  solution  A  is  poured  directly  through  a  redactor 
and  followed  by  150  c(^  of  distilled  water.  The  clear,  colorless  solution  is  transferred 
to  a  l)eaker,  and  to  it  is  added  50  cc  of  dilute  sulphuric  acid  and  finally  5  cc  of  a 
20  per  cent  solution  of  manganous  sulphate.  The  contents  of  the  beaker  are  imme- 
diately titrated  with  standard  permanganate  solution.  The  titration  with  bichrom- 
ate is  not  nearly  so  rapid  as  the  titration  with  permanganate  and  with  very  small 
amounts  of  iron  the  end  point  can  not  he  accurately  distinguished.  A  large  nuniber 
of  trials  has  shown  that  this  direct  method  of  titration  in  the  presence  of  hydro- 
chloric acid  is  quite  as  accurate  as  those  which  call  for  an  evaporation  with  sulphuric 
acid  or  a  j)rcliminary  precipitation  with  ammonia,  filtration,  and  re-solution  in  sul- 
phuric acid.  A  permanganate  solution  is  made  by  dissolving  1.975  grams  in  a  liter. 
One  cubic  centimeter  of  this  solution  equals  0.005  gram  ferric  oxid  (Fe,0|).    The 


Digitized  by 


Google 


COMPLETE   ANALYSIS.  49 

reductor  used  is  practically  the  same  as  the  simple  device  described  by  Shlmer.^ 
The  tube  has  an  iutemal  diameter  of  three-eighths  of  an  inch,  and  is  20  inches  long. 
It  is  drawn  out  and  cut  off  at  its  lower  extremity  with  an  opening  of  1  mm  diam- 
eter. One  inch  of  coarse  sand  is  placed  at  the  bottom  and  the  rest  of  the  tube  is 
filled  with  amalgamated  zinc.  The  ordinary  B  and  A  "iron  free'*  granulated  zinc 
is  moistened  with  dilute  sulphuric  acid  and  a  little  clear  mercury  stirred  in.  Suction 
is  applied  and  regulated  so  that  60  cc  of  solution  passes  through  the  reductor  in 
five  minutes.  The  washing  is  allowed  to  proceed  more  rapidly.  Blanks  are  run  to 
determine  the  constant  correction  for  the  reductor. 

Titanium. 

To  100  cc  of  solution  A,  in  a  porcelain  evaporating  dish,  10  cc  of  strong  sulphuric 
acid  is  added  and  the  solution  evaporated  on  the  steam  bath  until  the  hydrochloric 
acid  is  expelled  and  the  sulphuric  acid  solution  has  little  or  no  yellow  color.  After 
slight  dilution  the  solution  is  filtered  into  a  100  cc  graduated  cylinder,  2  cc  of  pure 
3  per  cent  hydrogen  peroxid  ^  added,  and  the  solution  diluted  to  50  cc.  In  another 
graduated  cylinder  containing  about  40  cc  of  water,  2  cc  of  3  per  cent  peroxid  is  added 
and  then  gradually  a  standard  solution  of  titanium  run  in  from  a  burette  imtil  the 
colors  match,  when  the  solutions  are  looked  at  through  the  same  depth  of  column .  The 
standard  solution  used  in  this  laboratory  is  made  up  so  that  1  cc  equals  0.0002  gram 
of  titanium  oxid  (TiO,).  The  standard  is  made  up  by  roughly  weighing  out  some- 
what more  than  the  right  amount  of  some  titanium  salt  or  compound,  and  after 
getting  it  into  solution  standardizing  it  by  gravimetric  analysis,  subsequent  dilution, 
and  reanalysis. 

Phosphoric  Acid. 

The  volumetric  method  based  upon  that  adopted  by  the  Association  of  Official 
Agricultural  Chemists  is  used  for  the  determination  of  phosphoric  acid.  The  fol- 
lowing solutions  are  prepared: 

preparation  op  reagents. 

(1)  Mclybdic  soltUion. — One  hundred  grams  of  molybdic  acid  are  dissolved  in  417 
cc  of  ammonia,  specific  gra\dty  0.96,  and  the  solution  thus  obtained  poured  into 
1,250  cc  of  nitric  acid,  specific  gravity  1.20.  The  flask  in  which  the  mixture  is  made 
is  kept  cool  by  immersion  in  water  until  the  reaction  is  completed.  The  mixture  is 
kept  in  a  warm  place  for  several  days,  until  a  portion  heated  to  40°  C.  deposits  no 
yellow  precipitate,  when  the  solution  is  decanted  and  preserved  in  a  glass-stoppered 
bottle. 

(2)  Standard  potamum  hydroxid  soliUion. — This  solution  is  made  up  to  contain  3.6342 
grams  of  potassium  hydroxid  to  the  liter.  It  is  prepared  by  diluting  64.76  cc  of 
normal  potassium  hydroxid,  which  has  been  freed  from  carbonates  to  1  liter.  One 
cubic  centimeter  is  equal  to  0.2  mg  of  phosphoric  acid  (PjOj). 

(3)  Standard  nitric  add  solvtion,— The  strength  of  this  solution  is  the  same  as  the 
standard  alkali  solution,  and  is  determined  by  titrating  against  that  solution,  using 
phenolphthalein  as  indicator. 

(4)  Phenolphthalein  solution. — One  gram  of  phenolphthalein  is  dissolved  in  100  cc 
of  alcohol. 

« Jour.  Amer.  Chem.  Soc,  21:  723. 

&Mere  traces  of  hydrofluoric  acid,  either  in  the  peroxid  or  the  titanium  solution, 
render  this  method  inexact,  hence  care  should  be  exercised  as  to  the  character  of  the 
peroxid,  which,  as  sold  in  the  market,  often  contains  fluorin.  (Hillebiand,  Bui. 
U.  S.  Geol.  Sur.  176,  p.  68.) 
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DBTKUMINATIOX. 

One  hundred  cubic  centimeters  of  solution  A  is  put  into  an  Krlenineyer  flask, 
made  slightly  alkaline  with  ammonia  and  then  again  acidified  with  nitric  acid.  About 
10  grams  of  dry  ammonium  nitrate  is  added  and  the  solution  heated  to  60"  C. 
Twenty-five  cubic  centimeters  of  the  molybdate  solution  is  then  poured  into  the 
flask,  a  smooth,  tightly  fitting  rubber  stopper  inserted,  and  the  contents  of  the  flask 
vigorously  shaken  for  five  minutes.  After  allowing  a  short  time  for  the  yellow 
precipitate  to  settle  it  is  filtered  and  washed  five  or  six  times  with  a  3  per  cent  solu- 
tion of  jwtassium  nitratt*.  The  prt»cipitate  and  filter  is  transferred  to  a  beaker,  dis- 
solved in  a  small  excess  of  standard  alkali,  a  few  droj)s  of  phenolphthalein  added, 
and  the  solution  titrated  with  the  standard  nitric  acid. 

Lime. 

The  concentrated  filtrate  from  the  iron,  alumina,  etc.,  is  made  decidedly  ammo- 
\iiacal  and  brought  to  a  boil,  a  suflicient  quantity  of  saturate<l  solution  of  ammonium 
oxalate  is  then  added,  avoiding  a  large  excess.  Boiling  is  continued  for  a  few  min- 
utes when  the  beaker  is  immediately  set  into  a  dish  of  cold  water.  The  precipitate 
settles  rapidly,  and  is  at  once  filtered,  using  a  platinum  cone  with  the  pump,  and 
washed  thoroughly  with  hot  water.  The  filtrate  is  reeer\-ed  for  the  determination  of 
the  magnesia.  The  filter  paper  containing  the  washed  calcic  oxalate  is  lifted  from 
the  cone  and  opened  inside  a  beaker.  By  means  of  a  well-directed  stream  of  a  wash 
bottle  all  precipitate  can  be  washed  off  the  paper.  Fifty  cubic  centimeters  of  dilute 
sulphiuic  acid  is  then  allowed  to  run  over  the  jiaper  into  the  beaker,  more  water  is 
added,  the  solution  heated  to  about  60°  C,  and  immediately  titrated  with  standard 
permanganate  solution.    The  lime  factor  is  exactly  one-half  the  iron  factor  of  the 

permanganate  solution. 

Magnesia. 

The  filtrate  from  the  lime  determination  is  made  slightly  a<.;id  with  hydrochloric 
acid  and  30  cc  of  a  concentrated  solution  of  disodic  phosphate  added.  It  is  then 
evaporated  down  to  a  bulk  not  exceeding  150  cc,  transferred  to  an  Erlenmeyer  flask, 
and  after  cooling  ammonia  is  added  gradually  with  shaking  until  the  reaction  is 
strongly  alkaline.  The  flask  is  stoppered  with  a  smooth  rubber  stopper  and  shaken 
vigorously  for  five  minutes.  By  this  treatment  the  precipitate  will  usually  be  ready 
to  filter  inside  of  an  hour.  The  filtrate  should  always,  however,  be  preserved  over 
night  to  make  sure  that  no  more  precipitate  apx)ears.  The  precipitate  is  colle(;ted 
either  on  paper  or  a  weighed  Gooch  crucible,  burned,  blasted,  and  weighe<l  as  mag- 
nesium pyro-phosphate  (Mg^PjO,),  which  multiplied  by  0.3619  equals  magnesium 
oxid  (MgO). 

SiTLPHrRic  Acid. 

Sulphur  occurs  in  rock  and  clays  usually  as  sulphids,  more  rarely  as  sulphates. 
The  quantities  are  nearly  always  small,  and  in  the  cases  where  they  are  not  the 
microscopic  examination  has  disclosed  the  fact.  It  is  customary  in  rock  and  clay 
analysis  to  report  sulphur  as  SO;,,  and  that  method  has  l)een  followed. 

The  remaining  100  cc  of  solution  A  is  heated  to  lx)iling,  and  a  few  cubic  centimeters 
of  a  solution  of  barium  chlorid  added,  and  the  lx)iling  continued  for  five  minutes. 
When  the  precipitate  is  settled  it  is  collected  on  a  paper  or  on  a  weighed  Gooch 
crucible,  washed  with  hot  water,  ignited,  and  weighed  as  barium  sulphate  (BaSO^), 
which  multiplied  by  0.3430  equals  SO,. 

Ferrous  Iron. 

The  determination  of  iron  in  the  ferrous  state  is  an  important  matter  in  connection 
with  the  analysis  of  clays.     Fairly  satisfactory  determinations  can  be  secured  by  boil- 
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ing  1  gram  of  the  sample  with  hydrofluoric  and  sulphuric  acids  in  a  large  covered 
platinum  crucible.  After  boiling  five  minutes  the  solution  is  cautiously  diluted  and 
ftt  once  titrated  with  potassium  permanganate. 

Potassium  and  Sodium  Oxid.     (K^O,  Na,^0. ) 

One-half  gram  of  the  very  finely  ground  powder  is  mixed  with  its  own  weight  of 
pure  ammonium  chlorid,  and  the  two  thoroughly  ground  together.  About  4  gram's 
of  pure  calcic  carbonate  is  added,  and  the  grinding  continuetl  until  an  intimate  mix- 
ture is  made.  This  mixture  is  transferred  to  a  J.  Lawrence  Smith  tubular  crucible  « 
and  the  mortar  rinsed  with  a  little  extra  calcic  carbonate.  The  crucible  is  capped 
and  placed  in  a  fire-clay  furnace  and  heated  for  about  ten  minutes  by  a. low  flame. 
As  soon  as  no  more  odor  of  ammonia  is  perceptible  it  is  heated  by  the  full  heat  of 
two  Bunsen  burners  for  three-quarters  of  an  hour.  After  cooling,  the  sintered  mass 
usually  detaches  from  the  crucible  but  it  may  be  loosened  with  hot  water.  The 
mass  is  transferred  to  a  platinum  dish,  and  digested  with  hot  water  until  completely 
disintegrated.  The  solution  is  filtered  into  a  l)eaker  and  the  residue  washed,  a  few 
drops  of  ammonia  and  ten  of  a  saturated  solution  of  ammonia  carbonate  added,  the 
solution  filtered  into  a  platinum  dish,  and  the  residue  washed  thoroughly.  The 
filtrate  is  evaporated  to  dryness,  and  the  residue  heated  at  a  dull  red  heat  until  the 
ammonia  salts  are  expelled.  After  cooling,  the  residue  is  taken  up  with  a  little 
water,  and  a  few  drops  of  ammonia  and  ammonic  carbonate  added  to  make  sure  that 
all  the  calcium  has  been  precipitated.  The  solution  is  filtered  on  a  small  filter  into 
a  weighed  platinum  dish,  and  the  precipitate  and  paper  washed  with  hot  water.  A 
few  drops  of  dilute  hydrochloric  acid  are  added  and  the  clear  solution  evaporated  to 
dryness.  The  ammonia  salts  are  then  expelled  by  very  careful  heating  to  a  dull  red 
heat,  and  weighed  as  potassium  and  sodium  chlorid  (KCl+NaCl). 

The  mixed  salts  are  dissolved  in  water  and  an  excess  of  platinic  chlorid  added  to 
the  solution.  After  evaporating  nearly  to  dryness  on  a  steam  bath,  20  cc  of  alcohol 
is  added  and  allowed  to  stand  one  hour.  The  precipitate  is  filtered  on  a  weighed 
Gooch  crucible,  washed  with  alcohol,  dried  at  a  low  heat  in  an  air  bath,  and 
weighed  as  potassium  platinic  chlorid  (KgPtCle),  which  multiplied  by  0.1940  gives 
potassium  chlorid  (KCl). 

WAtER. 

For  the  determination  of  water,  the  ordinary  method  of  loss  on  ignition  is  not 
depended  upon  except  in  cases  in  which  it  is  quite  (;ertain  that  carbon  dioxid  and 
oxidizable  or  reducible  matter  are  absent.  A  sample  of  about  2  grams  of  the  air- 
dried  powdered  material  is  weighed  into  a  platinum  boat,  which  is  placed  inside  a 
hard  glass  combustion  tube  and  strongly  ignited  in  a  current  of  dry  air.  The  expelled 
water  is  collected  in  a  sulphuric  acid  weighing  tube,  which  is  connected  by  a  very 
short  piece  of  rubber  tubing  to  the  drawn-out  end  of  the  combustion  tube. 

B. — Substances  mainly  soluble  in  hydrochloric  a/nd. 

In  the  cases  of  limestones  and  dolomites  which  contain  less  than  10  per  cent  of 
insoluble  matter  the  weighed  sample  is  treated  with  dilute  hydrochloric  acid,  and 
the  solution,  after  the  filtration  of  the  insoluble  residue,  is  treated  exactly  as  under 
A,  "substances  mainly  soluble  in  hydrochloric  acid."  AVhether  or  not  the  insolu- 
ble residue  will  require  fusion  and  separate  analysis  will  depend  upon  the  objects  of 
the  analysis.  Calcareous  clays,  which  are  largely  insoluble,  are  best  treated  as 
under  A,  and  fused  at  once. 


»  Bui.  U.  S.  Geological  Survey  176;  97. 
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II.     RATIONAL  ANALYSIS. 

In  the  study  of  clays  for  various  purposes  a  rational  analysis  is  often  called  for,  and 
in  spite  of  its  great  inaccuracy  undoubtedly  gives  results  which  are  of  some  practical 
value.  The  method  as  given  by  Meade, «  which  is  convenient  and  rapid,  is  xieed 
with  some  slight  modification  in  this  laboratory. 

Heat  1.25  grams  of  the  finely  ground  sample  with  15  cc  of  concentrated  sul- 
phuric acid  to  near  the  boiling  point  of  the  acid  and  digest  for  five  hours  at  this 
temperature.  Cool,  dilute,  and  filter.  Wash  and  ignite  the  residue  to  a  constant 
weight,  called  A.  After  weighing,  brush  the  residue,  which  consists  of  silica,  present 
as  sand  and  undecomposable  silicates  and  silica  from  the  decomposition  of  the  sili- 
cates of  afumina,  into  an  agate  mortar,  grind  very  finely,  and  weigh  0.5  gram  of  it 
into  a  platinum  dish  containing  50  ccof  boiling  caustic  potash  solution  (1.125  sp.  gr. ). 
Boil  for  five  minutes^  filter,  wash  first  with  hot  water  and  then  with  water  contain- 
ing a  little  dilute  hydrochloric  acid,  and  then  again  with  hot  water,  dry  and  ignite 
to  a  constant  weight.  Call  this  weight  B.  Multiply  A  by  0.4  (to  correct  the  1.25 
grams  of  clay  used  to  correspond  to  the  0.5  gram  of  the  residue  taken  for  treatment 
with  caustic  potash  solution)  and  subtract  B  from  the  product.  Multiply  the  differ- 
ence by  200  to  obtain  the  per  cent  of  silica  combined  with  alumina  in  the  clay. 
This  deducted  from  the  total  silica  found  by  analysis  gives  the  silica  as  sand  and 
undecomposable  silicates. 


Table  A. — Results  of  laboratory  tesU. 
[The  starred  figures  are  the  results  obtained  by  the  new  method,  see  page  42.] 


442 
443 
425 
426 
390 
724 
725 


651 
652 
739 
740 
741 
742 
743 
438 


578 
538 


do '  Blast-furnace  slag 

do '  Dolomite 

do Chert 

Farmsdale,  Hale  County Calcareous  clay . . . 

do Limestone 

Tuscaloosa,  Tuscaloosa  County Gravel 

Tuskegee,  Macon  County . . .-. do 

. ....  do do 


5.2 
7.1 


2.1 
2.8 


ARKANSAS. 

Batesville,  Independence  County . 

do 

Fort  Smith,  Sebastian  County 

do 

....do 

do 

do 

Hot  Springs,  Garland  County 


CALIFORNIA. 


7.6 
5.7 


19.1 
17.4 


Gravel 

do 

do 

....do 

....do 

Sandstone i  10     I    4 

do I  10.7  I    3.7 

Chert 3.6  I  ILl 


168.8  I      .6 
168.8  I    L8 


162.5       2.6 


156.3 
162. 5 
162.5 


I  . 


Loa  Angeles,  Los  Angeles  County Granite 2.7  I  14.8 

San  Jose,  Santa  Clara  County i  Chert • I I 

a  Examination  of  Portland  Cement.    Chem.  Pub.  Co.,  1901. 
b  High  cementing  value  for  slag. 


162.5 
156.3 


1.4 

1.3 

.4 


.9 
1.8 


*J02 
frl37 


14 

•390 

1,489 

111 

11 

•400 

♦75 


17 
8 
•34 
•500 
•21 
•90 
♦  79 
•10 


4 

•13 
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Table  A. — Results  of  lahoraiimj  tests — Continued. 
[The  starred  figures  are  the  results  obtained  by  the  new  method,  hoc  page  42.] 


406 
407 
408 
409 
396 
397 


354 
349 
467 


701 
702 


422 
419 
417 
683 
424 
415 

421 
416 
420 

696 
699 
423 
468 
413 
414 
418 


716 
756 
451 
487 
584 
465 
454 
452 
450 


540 

515 
588 
456 
719 
516 


557 
438 
455 
462 


Locality. 


COLORADO. 


Lakeflhorc,  Hinsdale  County. . . 
Capitol  City,  Hinsdale  County  . 
LaKeshore,  Hinsdale  County. . . 
Lake  City,  Hinsdale  County. . . . 

do 

do 

do 

Sherman,  Hinsdale  County 


CONNECTICrT. 


Ansonia,  New  Haven  County  . 
Branford,  New  Haven  County. 
Meriden,  New  Haven  County . 


Tampa,  Hillsboro  County . 


Atlanta,  Fulton  County 

Augusta,  Richmond  County 

Bartow  County 

Canton,  Cherokee  County 

Chlckamauga,  Catoosa  County. 
Coweta  County 


Lithonia,  Dekalb  County 

New  Elberton,  Elbert  County 

Roberts  Station,  Jones  County 

Savannah,  Chatham  County 

do 

Stone  Mountain  Station,  Dekalb  County. 

Toccoa.  Habersham  County 

Walker  County 

do 

do 


ILLINOIS. 


Chicago,  Cook  County. . . 

do 

Dixon,  Lee  County 

Elco.  Alexander  County, 
do. 


Forreston,  Ogle  County 

Kenney,  Dewitt  County 

Menominee,  Jo  Daviess  County . 
Ullln,  Pulaski  County 


Bicknell,  Knox  County 

Freelandville,  Sullivan  County . 

do 

Merom,  Sullivan  County 

North  Vernon,  Posey  County  . . . 
Spencer,  Owen  County 


IOWA. 


Buttcrville,  Tama  County 

Mason  Citj;,  Cerrogordo  County. 


Montour,  Tama  County . 

PeoBta,  Dubuque  County 

Raymond,  Blackhawk  County . 


Name  of  material. 


Rhyolitc 

Brccciated  felsite. 

Rhyolite  tuff 

Andesite 

.....do 

Diorite(trap) 

Rhyolit€  breccia. . 
Granite 


Basalt 

Diabase  (trap)... 
....do 


Calcareous  clay. 
Dolomite 


Hornblende  grneiss 

Gneiss 

Dolomite 

Eclogite 

Limestone 

Olivine    diabase 

(trap). 

Granite 

do 

Olivine    diabase 

(trap). 

Gravel 

do 

Granite 

Gneiss 

Limestone 

Chert 

do 


Dolomite 

....do 

Dolomite  gravel.. 
Novaculite(  chert) 
do 


Gravel 

do 

Limestone. 
do 


lime- 


Dolomitic 

stone. 
Limestone, 
Dolomite . 

Gravel 

Dolomite . 
Limestone 13 


a 


5 
11.9 

4.1 
11.5 

6.3 
12.5 

7 

4.6 


19.2 
11.5 
16.9 


2.2 


10.2 
15.7 

5 
13.8 

7.1 
17.3 

8.3 
13.1 
16.2 


7.5 
7.7 
10.6 
1.4 
2.5 


9.1 
6.9 


6.H 
14.6 


8 

7.2 


10.1 


10.6 
16.1 


Limestone. 

Clay 

Limestone. 
Dolomite . . 
do 


L8 


5.9 
3.4 
8.9 


8.1 
3.4 
9.7 
3.5 
6.4 
3.2 
5.7 
8.7 


2.1 
3.5 
2.4 


175 

156.3 

156.3 

162.5 

162.5 

168.8 

156.3 

162.5 


189.3 
175.1 
181.3 


18.6 


4 

2.6 

8 

2.9 

5.7 

2.3 

4.8  ; 
3    i 

2.6  ■ 


162.5 


187.5 
162.5 
178. 1 
231.3 
168.8 
193.8 

168.8 
168.8 
187.5 


.1. 


5.2 
3.8 
27.9 
16.4 


4.4 

5.8 


5.9 
2.7 


13.1 
5.6 


3.8 
2.5 


3.1 


21.9 


162.5 
162.5 
162.5 
143.7 
184.4 


168.8 
168.8 


153.6 
151.0 


168.8 
156.3 


171.8 ; 

175 


162.5 
168.8 


162.2 


163.1 


4.2 
3 

2.9 
1.9 
1.9 
1 

2.5 
.4 


577 
12 

513 
35 
14 
18 

327 


10 
49 
91 


*4,000+ 

4.8        *W 


.1 
.3 
.7 
.1 
.1 
.2 

.1 
.1 
.3 


.1 

.2 

3.5 

3.3 

3.7 


.6 

.8 


4.1 


1.8 
3.3 


1.3 
'2.'2 


3 

8 
17 

3 
99 

2 

2 
2 
6 


•176 

13 

2 

74 

♦12 

*35 


♦18 

♦28 
9 
72 

*15 
14 
16 
27 

127 


3.2 


L7 


ll!6  I    156.3  ,  3.3 
4.6  I    168.8  1    .7 


23 


10 

iee' 


22 
250 
129 

32 
161 
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THE   TESTING    OF    ROAD    MATERIALS. 


Table  A. — Reimlts  of  laboratory  tests — Continued. 
[The  starred  figures  are  the  results  obtained  by  the  new  method,  see  page  42.] 


357 
720 
3S7 
4a') 
341 

a^o 

478 
hCA\  , 

6:^7  I 
669  1 


Locality. 


Name  of  material. 


KENTUCKY- 

I 

Lexington,  Fayette  Ck)unty Limestone 

do I do 

Knttawa,  Lyon  County 1  Sandstone 

Cedar  Bluflf,  Caldwell  County Limestone 

MARYLAND. 

Baltimore,  Baltimore  City Clay 

do do 

Fort  Washington,  I'rince  George  County.   Gravel 

Frederick,  Frederick  County Limestone 

Cumberland,  Allegany  County Sandstone 

do Calcareous  shale  . 

do Limestone 

do do 

Dickerson,  Montgomery  County Diabase  (trap) 

Frederick,  Frederick  County Dolomite 

do '  Limestone 


o 

4^ 

i 

C3 

ft 

a>  u 

"H 

cS 

CSs 

c 

« 

o 

Cu 

p 

1^ 


I    9 


6.4 

6.2  j 

1.9 

3.4  1 

2.2 

17.8 

H.9 

4.5 

168.8  .8 
162.5  3.5 
151  8.2 
140.7  I  3.1 


oil 

p 


MA88  VCHV8ETT8. 

Brtwkline,  Norfolk  County... 


.do. 
.do. 


Quincy,  Norfolk  County. 
Salem,  Essex  County 


Taunton,  Bristol  County 

do , 

Webster,  Worcester  County 

Westfield,  Hamixlen  County  — 
Winchester,  Middlesex  County  . 

MISSISSIPPI. 

Brookhaven,  Lincoln  County . . . 

Sard  is,  Panola  County 

Stonington,  Jefferson  County ... 

MISSOURI. 

Gumbo,  St.  Louis  County 

NERRA8KA. 

Bluesprings,  Gage  County 

NEW  HAMPSHIRE. 


Hanover,  Grafton  County . 

do 

Lebanon,  Grafton  County . 
do 


Metamorphic 

slate. 

Rhyolite 

Diabase 

Chlorite  schiMt . . . 
Augite       diorite 

(trap). 

Gravel 

Granite , 

Schist 

Diabase  (trap) 

do 


6.6 
4.9 
2.5 
3.4 
3 

14.2 
8.9 
6.8 


8.5 

22.9 
18.9 
7.9 
14.7 


6 

8.2 
16.2 
11.7 
13.4 
2.8 
4.5 
5.9 


4.7 

1.8 
2.1 
5.1 
2.7 


9.7  I  4.1 

6.4  •  6.3 

W.7  1.3 

6.4  6.3 


Gravel 

do 

Sandstone 1.; 


Gravel. 


168.8 

125 

168.8 

165.6 

168.8 

186.6 

176.6 

163 


175.6 

178.1 
179.6 
181.3 
187.5 

168.8 
168.8 
175      ' 

187.5  ; 

200.6  I 


.1 

9.4 

1.9 

L6 

1.7 

.1 

.3 

.2 


.06 
.4 
.1 
.3 

.5 

L5 

.3 

.5 

.8 


Chert. 


NEW  JERSEY. 


Chimney  Rock,  Somer*et  County. . . 

(iladstone,  Someritet  Ccmnty 

I^iml>ertville.  Hunterdon  County.. 
Middle  Valley,  Hunterdon  County. 

Millville.  Cumberland  County 

New  Providence,  Union  ('ounty 

Wii n»i<ine.  Passaic  County 

Shady  Side  Quarries 

Somcrville,  Somerset  County 

do 


6.9 


5.8 


Granite 12.6      3.2 

Schist !  12.3      3.3 

Hornblende  schist    9. 9      4 


Biotlte  schist 6.7 


Basalt 23. 

Shale 

(Jabbro  (trap) 14. 

I)iaba.se  (trap)....    23. 

(Jravel 

Diabase  (trap)....    23. 

Peridotite 11. 

Diabase  (trap) 19. 

Ba.siilt  tuff '    •?. 

do 4. 


5.9 


1.7 


1.7 
3.6 
2 

16.0 
9.3 


160.6 


165.6 
194.1 
189.7 
169.1 


L3 


186.3  I     .1 

166.3  I  4.8 

183.7  I     .1 

187.5  .1 


186.3 
209.4 
184.4 
147. 5 
151 


.6 
6.4 
5.7 


66 
55 
80 


*60 
•85 
2 
26 
44 
380 
133 
143 
60 


151 

24 
9 

•28 
18 

13 
13 

18 
76 
21 


16 
68 
53 


12 


♦102 


3 

32 
25 
49 


T2 

•985 

131 

19 

1.680 

19 

3 

38 

6 

14 
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Table  A. — /?/w//^h  of  hihuntUrrii  teii* — C(nitiniie<l. 
[The  starred  ilgurcH  are  the  results  obtained  by  the  new  method,  see  page  42.] 


404 
356 
400 
344 
882 
346 
847 
340 
386 
410 
532 
732 
733 
335 
470 


514 
409 
627 
628 
706 
434 
485 
436 
513 
431 
589 
504 
585 
380 
381 
366 
432 
433 
401 
402 
403 


663 
664 


582 
707 


345 
570 


389 
365 
2Sfl 
730 
731 
697 


659 


488 
874 
375 


Locality. 


Name  of  material. 


NEW   YORK. 


Bellona,  Yat«s  County Limestone . 

Brockport,  Monroe  County do 

Canandaigua,  Ontario  County do 

Deerpark,  Orange  County '  Sandstone  . 


Geneva,  Ontario  County 

do 

Hudson,  Columbia  County 

do 

Leroy,  Genesee  County — ,  ^  i.uv  . 

Littlefalls,  Herkimer  County :  Gneiss : 

North  Leroy,  Genesee  County Limestone I 

do I do 

Rockland  Lake,  Rockland  County Diabase  ( trap) . . . .  | 

Tomkins  Cove,  Rockland  County Dolomite I 


Shale . 
Limestone . 

do 

do 

Slate 

Flint . 


7.5 
8.9 

8.8 


NORTH  CAROLINA. 


Ashboro,  Randolph  County 

Asheville,  Buncombe  County 

do 

do 

do 

Concord,  Cabarrus  County 

do 

do 

.....do 

Elm  City,  Wilson  County 

Fayettevllle,  Cumberland  County. . . 

Hot  Springs,  Madison  County 

Moiganton,  Burke  County 

Newoem,  Craven  County 

do 

Pinehurst,  Moore  County 

Wilson,  Wilson  County 

do 

Wilmington,  New  Hanover  County. 

do 

do 


OHIO. 

Columbus,  Franklin  County  . 

....do 

....do 

do 

East  Liberty,  Stone  County  . . 


Kirtland,  Lake  County.. 

Lorain,  Lorain  County . . 
Medina,  Medina  County . 


PENNSYLVANIA. 


Cedar  Hollow,  Chester  County  — 
Hatboro,  Montgomery  County  — 

Northampton  County 

Redington,  Northampton  County . 

Rockhill,  Huntingdon  County 

Wilkesbarre.  Luaerne  County 


RHODE  ISLAND. 

Providence,  Providence  County. 

HOITH  CAROLINA. 


Barnwell  County 

Columbia,  Richland  County 

Pacolet,  Spartanburg  County. . . 


8.6 
13.9 
8.8 
7.6 
5.8 
5.5 
20.7 
8.5 
7.9 
13.2 
0.7 


Felslte 1:1.3 

Hornblende  schist     7. 1 

Granite ,  18.6 

Diorite 17.4 

Hornblende  schist  11 

Granite 21.7 

Mixed  stone 1    4.6 

Granite j    7 

Syenite '  14.4 

Granite j  14.2 

Gravel 

Dolomite 1    9. 5 

Basalt ,  20. 3 

Clay 


1.2 


Limestone 

Gravel 

Granite 6.2 

do 7.2 

Conglomerate 3. 2 

Limestone 1  4 

do 


oil 


w  w 


5.3 
4.5 
4.6 


168.8 
169.4 

168.8 


4.7  I 

2.9  i 

4.5  I 

6.3 

6.9  I 

7.2 

1.9 

4.7 

5.1 

3      I 

5.9 


1.9 
5.7 
2.2 
2.3 
3.6 
1.8 
8.7 
6.7 
2.8 
2.8 


4.2 
2 


34.2 


6.4 
5.6 
12.7 
9.9 


Limestone 

....do 

....do 

Dolomite 

Dolomitic  lime 
stone. 

Fi  el  dstone  (errat- 
ics.) 1 

Blast-furnace  slag' 

Gravel ' 


6 

5.8 
10.6 

7 
10.6 


4.8 


166.3 
164.1 
170.9 
169.7 
169.4 
162.6 
168.8 
168.8 
162.6 
192. 5 
168.8 


168.8 

200 

168.8 

181.3 

193.8 

162.5 


168.8 
168.8 
166.6 


181.3 
187.6 


138.1 


162.6 
150.4 
156.3 
147.4 


6.7  I 
6.9 

3.8  I 
5.7 
3.8 

5 

8.2 


Dolomite. 10. 


159.4 
162.5 
156.3 
159.4 
175 


140.3 


Sandstone 
Diorite  (trap)  — 

Dolomite 

Diabase  (trap) 

Sandstone 


10 
14.3 
7.3 
34.5 
11.6 


Auglte  diorite    20.6 
(trap.) 


3.8 
4 

2.8 

1.2 
3.4 


Gravel , 

Granite 18.9      2.9 

do 20.9  I    1.9 


178.1 
166.9 
182.2 
1H1.3 
193.8 
lt>8.8 


187.5 


168.8 
166.8 


1.4 
1.2 
.2 
.5 
.4 
.2 
.3 
.1 
.4 
.5 
.3 


.4 

.2 

2.5 

2.7 


I 


.02 
.2 
.2 

:i  . 


L9 


3.2 
L5 
2.6 
2.7 

.8 


3.6 
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THE   TESTING   OF    BOAD   MATERIALS. 


Table  A. — RenuUts  of  laboratory  tests — Continue<l. 
[The  starred  flg^ures  are  the  results  obtained  by  the  new  method,  see  pa^e  42.] 


Locality. 


SOUTH   DAKOTA. 


Name  of  material. 


449     Rowena,  Minnehaha  County . 


TENNESSEE. 


Bartlett,  Shelby  County 

Chattanooga,  Hamilton  County . 

do 

Columbia,  Maury  County 

Gray  town,  Hickman  County 

do 

....do 

do 

do 

Memphis,  Shelby  County 

Nashville,  Davidson  County 

....do 

....do 

do 


Austin,  Travis  County . 


Wallingford,  Rutland  County . 


Albemarle  County 

do 

Alexandria  County 

Basic  City,  Augusta  County 

Blacksbiuv.  Montgomery  County 

BurrowsvlTle.  Prince  George  County  . 
Charlottesville,  Albemarle  County . . . 
do 


....do. 
....do. 

' do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 


Quartzite. 


Gravel 

Limestone. 

do 

Chert 

Limestone. 

do 

Chert 

Limestone. 

....do 

Gravel 

Limestone. 

....do 

....do 

....do 


Limestone  gravel 


AmphiboIiU> 


Shadwell,  Albemarle  County 

Craigsville.  Craig  County 

Fredericksburg,  Spottsylvania  County... 

Jackson  City,  Alexandria  County 

do 

do 

Lawrence ville,  BruuHwick  County 

Monticello  Mountain,  Albemarle  County. 

Occoquan,  Prince  William  County 

Manassas,  Prince  William  County 


Chlorite  schist 

Gneiss 

Mica  schist 

Quartzite 

Dolomite 

Clay 

Amphibolite 

Limestone 

Diorite 

Chlorite  schist. . . . 
rUralite     diabase 
I    (trap). 
Hornblende  schist 

do 

Biotite  schist 

Clay 

do 

Amphibolite 
(trap). 

do , 

....do 

....do 

Hornblende  schist 

Chlorite  schist 

Limestone 

....do 

Yellow  clay 

Blue  clay 

Yellow  clay 

Clay, 

Quartzite 

Gnei^e 

Sandstone 


WISCONSIN. 


Berlin,  Green  Lake  County  . . . 

do 

Madison,  Green  Lake  County . 
Utley,  Green  Lake  County 


Rhyolite. 

do..., 

do.... 

do. 

do. 


.do ,  Dolomite. 


Z^ 


15.1 


14.2 
10.1 


8.3 
6.9 
8.8 
5.1 
5.2 


8 

7.7 
6.7 
2.7 


8.5 


10.1 
9.8 
9.3 


n.2 


9.9 
7 

12.8 
6.7 

47.3 

20.6 
9.7 
11.7 


19.6 

26.7 
18.3 
24 
16.2 
11.3 
9.7 
7.3 


11.1 
11.7 


22.5 
10.1 
17 
8 

7.2 
9.8 


P.CJ 

hi 

1^ 

m 

g«aS 

s 

a, 

168.8     0.1 


2.8 
4 


168.8 
168.8 


2.1 


12 
6.8 
4.4 

7.9 

7.8 


5 

6.2 
6 
15.1 


167.6  I  4.8 

174. 4  1.7 

155. 8  1.7 

192.8  8.2 

176.8  I  2.2 


169.4  I  .2 

168.4  I  .2 

167  ■  1.8 

166.3  .  3.1 


4.6 


4 

4.1 
4.3 


8.6 


4.1 
5.7 
3.1 
7.1 

2.3 

1.9 
4.1 
8.4 


2.1 

1.5 
2.2 
1.7 
2.5 
3.5 
4.1 
5.5 


3.6 
3.4 


193.8 


187.5  I  .2 
168.8  I  .1 
173.8  .8 
159.4  1.3 
18L8  I     .3 


188.8 
168.8 
200      ! 
184.4  I 

181.3 

181.3 
187.5 
166.6 


.4 
.2 
.8 
.3 

.6 

.6 
1.1 


187.5 


190.6 

.4 

193.8 

.2 

198.8 

.5 

181.8 

.9 

187.5 

.3 

168.8 

.3 

175 

1.5 

162.5  I 
176 


1.8 

4 

2.3 

5 

6.6 

4.1 


168.8 
168.8 
162.5 
162.5 
162.5 
168.8 


.05 
.03 
.08 
.04 
.06 
.8 


I 

s 


174 

47 

54 

1,083 

168 

69 

•240 

114 

158 

249 

231 

195 

87 


77 


•16 


8 
1 

13 
2 

10 
2,531 

86 

13 
6 
9 

25 

9 
7 
2 
1,661 
475 
6 

3 

6 

6 

10 

14 

22 

•15 

•500 

♦424 

♦1.500 

3,059 

4 

2 

♦8 


2 
♦1 
♦8 
♦5 
♦6 
♦60 
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Table  A. — Results  of  laboratory  tests — Continued. 
[The  starred  figures  are  the  results  obtained  by  the  new  method,  see  page  42.] 


734 

785 
736 


476 
477 
SOS 


610 
511 
512 


472 
471 
473 
575 


Locality. 


WI8CONBIN— Continued. 


Tomah,  Monroe  County . 

do 

do 


WASHINGTON. 


Seattle,  King  County. 

do 

....do 


Name  of  material. 


Gravel. 
....do. 
do. 


a 


11 


^o      ^ 


4»  a> 


5S 
1^ 


o  j>o 


DISTRICT  or  COLUMBIA. 


Quartzdte 

Basalt  (trap) 

Chlorite  schist 


18.2  I    2.2 
19.8  '    2 
11  3.6 


Washington . 

do 

do 


Campo  Florida . 

Cieniuegoe 

Habana  

do 


Shell  marl. 

do 

do 


Diorite  (trap)  ....i  11.7 
Ande8ite(trap)...'  15.2 

Limestone 10.1 

Diorite 1  18.8 


3.4 
2.6 
4 
2.2 


168.8  .6 
181.3  1.9 
168.8     1 


175.0 
168.8 
165.6 
168.8 


2.2 

1 
.8 


•725 
♦295 
♦197 


47 
25 
272 


58 
741 
931 


137 

337 

90 

8 
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THE   TESTING    OF    ROAD   MATERIALS. 


Table  B  (Part  I). — Percentage  of  Cfmimon  mineral  conMuerUs 


[The  small  numerals  placed  above  the  percentage  figures  denote,  respectively,  whether  the  mineral 
poned ,  and  the  8econdar>'  those  resulting  from  subsequent  change.  In  some  cases  the  separate  deter- 
two  is  given  in  one  column  and  an  asterisk  or  dagger  indicates  the  other  mineral.] 


1 
2, 

3| 

6' 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
1« 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
81 
82 

33 


85 


Charlottesville,  Va 

Do 

Do 

Do : 

Do 

Wallingford,  Vt 

Cienf uegos,  Cuba 

Lake  City,  Colo 

Do 

Ansonia,  Conn 

Boundbrook,  N.J 

Do 

Byram  Station,  N.  J , 

Deerfield,  Franklin  Coun- 
ty. Mass. 

Guttenberg,  N.  J 

Morganton,  N.  C 

Seattle,  Wash 

Great  Notch,  N.J 

Somerville,  N.  J 

Do 

Wilmington.  N.J i 

Salisbury,   Essex  County, 

Mass. 
Birmingham,  Ala 

Do i 

Do ! 

Bluesprings,  Nebr 

Elco,Ill.. 

Do 

Graytown,  Tenn 

Hot  Springs,  Ark 

San  Jose,  Cai 

Amherst,      Hampshire 
County,  Mass. 

Do , 

Brookline,  Norfolk  Coun    I 
ty,  Mass. 

Do 

Do 

Charlottesville.  Va , 

Coweta  County.  Ga 

Deerfleld,  Franklin  Coun-  ' 
ty,  Mass. 

DIckerson.  Md 

Everett,  Middlesex  Coun- 
ty, Ma«». 

Great  Notch,  N.J 

Haverstraw,  N.Y 

Hoi  yoke,  Hampden  County, 

Ma.ss. 
Hydepark,  Norfolk  (?ounty, 

Mass. 
Ipswich,    Essex     County. 

Mass. 
Lynn,  Essex  Countv,  Mass. . 

Do 

Maiden,  Middlesex  County, 

Ma.*«<. 
Medford.  Middlesex  (boun- 
ty, MtLM.S. 

Meriden,  Conn 

Do 

Do , 

Middle  Valley.  N.J 

Milton,    Norfolk    County. 

Mai«. 
Monson,  Hampden  County. 

Ma.ss. 
Newbur>%    Essex    County, 

Mass. 

New  Providence, N.J 

Newton, Middlesex  County, 

Mass. 


V 

•d 

c 

0 

2J 

3 

i 

1 

& 

ffl 

15 

151 

12 

187 

'4 

»85.8 

M 

182 

12.5 

180 

»7 

161.8 

«15 

«30 



do do . . . 

do ' do . . . 

do ■ do 

do I do 

Basalt-tufT ! do... 

do do..., 

250  I  Basalt do.... 

Camptonite ' do  — 


73 
535 
477 
260 
637 


13 
13.6  , 


»50 
123 
J  30 
121 


Chert i  Chert. 


437 
584 
338 
438 
538 
78 

H2 
7 


23 
494 
415 

76 


261 
49 

66 


.do. 
.do. 
.do- 
.do. 
.do. 
.do. 
.do. 
.do. 


Diabase Trap. 


.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 
.do... 


10.7  I 


.do. 
.do. 


.do. 
.do. 


iftO 


J40 
140 


i-«99 
199 
199 
194 
197.9 
196.5 
188.4 
199.8 
188.3 


125 


I 


Diaba.se  (altered) do | > 32. 5 

Diabase do | »46 

Diabase (urali tic) do....: i82 

Diabase do ' :  M2.2 

do do....' 165 


,  I 


.do. 
.do. 

.do. 
.do. 
.do. 

.do. 


.do. 
.do. 

.do. 
.do. 
•do. 

.do. 


61  !  Diabase  (uralitic) do 


21 
29 
270 

20 

11 

467  ' 
4a'S 
219  ' 

68 

31 

,%tO 
G 


.    183 
.;  140 

.1  131 

.  ^')0 
.  150 

.  135 

.iU8 


«4 

1    *2.4 

no 

13 

»50 

1 

«3 

Diabase do 1 40 

do do '40 

do do....! 134.2 


.do. 


.do. 


.,  150 


do ' do.... 150 

do do....! M3 

do do 125 

do do....i 129.3 

l)iaba.se  (uralitic) do ' i26 


Diabase do . 


.do. 


.do. 


.do. 
.do. 


.do. 
.do. 


.    155 
.1  160 


120 
'50 


166 


13 


.  »57 
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in  road-making  rocks  {see  Part  II for  completed  analym). 

ifl  primary  or  secondary,  the  primary  minerals  being  the  original  minerals  of  which  the  rock  is  com- 
mination  of  two  minerals  in  the  same  rock  is  impracticable,  therefore  the  total  percentage  of  the 
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n 
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THE   TESTING    OF    ROAD   MATERIALS. 
Table  B  (Part  I). — Percentage  of  common  mineral  constituent*  in 


Locality. 

Scientific  name. 

Common 
name. 

1 
1 

i 
1 

1 

f 
i 

X 

(X) 

Quincy,  Norfolk  County, 
Mass. 
Do 

18 

299 
420 
731 

Diabase 

Trap                    -  -  - 

1*50 

«1 

Diabase  (uralitic) 
Diabase 

do 

(n) 

«t79.4 

(52 

Robert.K  Station,  Ga 

RockhilLPa 

do 

158.3 

163.6 

140 

146 

140 

140 

160 

160 

149 

156.4 

146 
166.3 

148 
146 

140 

160 
160 
139 

16 
16 

160 
122 
144.8 
14 

167.5 
131.3 

(}*) 
133 

is' 

156 
140 
146 

6:) 

do 

do 

U 

Rockland  Lake.  N.  Y 

336 
22 
25 
28 
32 
84 

566 
19 

do 

do 

U 

11 

«5 

65    Sausus.  Essex  Countv.Maffl 

do 

do 

66 

Do. :; 

do 

do 

67 

Do 

do 

.  do 

68 

Do 

do 

do 

69 

Do 

do 

do.  ... 

70 

Shadyslde,  N.J ". 

do 

do 

«11 

71 

72 
73 

Somerville,   Middlesex 
County,  Mass. 
Do 

Diabase  (gabbro- 

do 

76 

83 

64 

617 

12 

67 
91 

itic). 
Diabase 

do 

Sterlinir.  Worcester  Countv. 

do 

do 

MaaB. 

do 

do 

Maw. 
75    Weetfleld,  Hampden  Ck>un- 

do 

do .  .    . 

1      ty.Maas. 
76    Wef<t   SDriofffield.  HaniD- 

do 

do 

77 
78 
79 
80 

81 
82 

den  County,  Mass. 
Do 

do 

do 

, 

Do 

do 

do 

Do 

93 
59 

628 
117 

472 
490 
3.V2 
575 

do 

do 

Winchester.  Middlesex 

County,  Mass. 
Asheville,  N.  C 

do 

do 

Diorite 

do 

125 
127 

124.9 

16 

116 
....... 

16 
17 
19 

110 

••V2    ' 

»2 

"W 

16 
12 

i}*) 

135 
133 

115 
172 
116 
127 

V36*" 

140 

137.2 
120 
11 
116 

145 

134 
18.3 
11 

S0.5 

Beverlv.    Essex     Countv. 

do 

do 

1      Mass: ' 
84    Charlottesville,  Va 

do 

do 

do 

do   ...   .1 

85  1  Delaware  River,  Pa 

do 

do..       ' 

86    Havana,  Cuba 

do 

do ' 

87  ,  Lake  City,  Colo 

409 
227 

35 

659 

1 

611 

96 

56 

304 
583 
254 
514 
40 

24 
27 
72 

3 

124 
97 

86 

87 
92 

249 

do 

...  do.. 

88    Millville.  Worcester  Coun- 

 do 

do 

no 

•♦40 

ty,  Mass. 
89    Newbury,  Essex   Countv, 

do 

do 

Mass. 
90  1  Providence,  R.  I 

Augite-diorite 

do 

do 

91    Salem ,  Essex  Countv,  Mass . 

do 

1*60 
163 

92  Do 

93  Watcrtown,  Middlesex 

Diorite  (vogcidte). 
Diorite..^ 

do 

Felsite 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Gabbro 

do 

do 

1      County,  Mass. 
M  '  Winchester.     Middlesex 

do 

95 
96 
97 
98 

County,  Mass. 
Do 

do 1 

Canton.  Ga 

Garnet  rock 
do 

Glen  Mills,  Pa 

140 
-({*)• 

••(iVf 
0*) 

144 

148 
123 
135 
168 

19 

10.2 

17 

14.2 

»3 

Ashboro  N  C 

Porphyry... 
do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Trap 

1*81.7 
1*90 

1*85 
1*80 

195 

1*97.4 
1*95 

1*90 

1*95 
1*90 

99 

100 
101 
102 

103 

104 
105 

106 

107 
108 

109 

Boston,    Suffolk    County, 
Mass. 

Lynn,  Essex  County,  Mass. 
Do 

Quincy,  Norfolk   Countv, 
Maas. 

Revere,    Suffolk    Countv, 
Mass. 
Do 

Rowley,    Essex     County, 
Mass. 

S<iURUs,     Essex     County, 
Ma.ss. 
Do 

Weymouth,  Norfolk  Coun- 
ty. Mass. 

Bertrcn.  N.  J 

110  1  Cortland,  N.  Y 

iy5   do 

253  1  Uralite-gabbro  . . . 

as7     Gabbro 

218  ' do 

2s'>  1  Unilite-gabbro  . . . 

88     Gneiss 

1 

613    do 

422  ;  Hornblende-gneiss 
203  j  Gneiss 

do 

Ill  1  Lambert^ville,  N.  J 

do 

13 

S26 
M7 

112           Do 

do 

113!  Rookv  Hill.  N.  J 

do 

114 

Do 

Athol,  Worcester  County, 

Ma.«s. 

Albemarle  Countv,  Va 

Atlanta,  Ga 

Auburn,  Worcester  County. 

Mass. 

do 

18 
180.8 

145 

123.6 

130 

i-«27 

115 

110 
117 

Gneiss 

do 

do 

18 
126.4 

118 

do 

161.4 
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THE   TESTING    OF   ROAD    MATERIALS. 
Tablk  B  (Part  I). — Percentage  of  common  mineral  cojuititnent.^  in 


Locality. 


Augusta.  Ga 

Aiihby,  Middlesex  County, 

Mass. 
Dartmouth,  Bristol  County, 

Mass. 
Duxbury,  Plymouth 

County,  Mass. 
Lee,    Berkshire    County, 

Mass. 

Uttle  Falls,  N.  Y 

Marion,  Plymouth  County, 

Mass. 
Newburyport,  Essex 

County,  Mass. 

Occoquan,  Va 

Round  Island,  N.  Y 

Toccoa,  Ga 

Uxbridgc,  Worcester 

County,  Mass. 
Westport,  Bristol  County, 

Mass. 
Ashby,  Middlesex  County, 

Mass 

Ashevlile.N.C 

Beveriy,    Essex     County, 

Mas.s. 

Do 

Do 

Clinton,  Worcester  County, 

Mass. 

Do 

Columbia,  8.  C 

Concord,  N.  C 

Do 

Elberton ,  Ga 

Elm  City,  N.C 

Fitchburg,    Worcester 

County,  Maas. 
Gloucester,  Essex  County, 

Mass. 

Hanover,  N.  H 

Llthonia,  Ga 

Los  Angeles,  Cal 

Northampton,  Hampshire 

County,  Mass. 
Orange,  Franklin  County, 

Mass. 

PacoletpS.C 

Quincy,  Norfolk  County, 

Mass. 

Essex  County, 


Scientitiu  name. 


1 

Common 

name. 

S 

A 

t 

C 

I 

i 


County, 


Rockport, 

Mass. 
Saugus, 

Mass. 

Do 

vShcrman,  Colo - 

Taunton,  Bristol  County 

Mass.  • 
Waltham,     Middlesex 

County,  Mass. 

Wilson,  N.C 

Do , 

Winchester,  Middlesex 

County,  Mass. 

Do 

Worcester,   Worcester  _ 

County,  Ma.'u. 

Cumberland.  R.  I 

Wannque,  N.  J 

Ba«icCity   Va 

East  Providence,  R.  I 

Do I 

Great    Barrington,    Berk- 

hliire  County,  Mass. 
Lee,  Berkshire  County, 

Mass. 
Merrimac,  Essex  County, 

Mass. 


432 
433 
57 

58  , 
266  . 


Granite-gneiss Gneiss...!  ^27 

Gneiss do I  ^4lf     \ 

I  • 
'....do....^*55«   I. 


....do 

do 

Hornblende  gneiss . 
Granite  gneiss. 


.do. ...^•40 

.68. 

.do. 


Gneiss I do.... 


-do. 


....do 

do 

Granite  gneiss. 
Gneiss 


....do.. 
Granite. 


.do. 


Hornblende  granite. 


Granite 

Hornblende  granite. 
Gneissoid  granite 


Granite 

do 

..do 

..do 

..do 

..do 

..do 


Hornblende  granitite . 


Gneissoid  granite 

Granite 

....do 

Hornblende  granitite . 


.do. 


Granite. 
....do.. 


.do. 

.do. 

.do. 
.do. 
.do. 

.do. 


Granitite . 
Granfte... 
....do.... 


.do. 
.do. 


14   Peridotite 

478  Peridotite  (Lherzolite) 
493 ,  Quartzite 

43; do 

4.S do 

80i do 


121  do do 198.1 

329 do do ^71.5 

a  See  pages  70  and  71,  Part  II,  for  the  mineral  indicated  by  asterisk  or  dagger. 


.do.... 


M4 


140 
ISO 


1*40 


.do.... 

.do.... 

.do....... 

.do....   1 


»18 
M5 


....do.... 
Granite.. 


.do.... 
.do.... 

.do.... 
.do.... 
.do.... 


....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 


.do.... 

.do.... 
.do.... 
.do.... 
.do.... 

.do.... 


..do.... 
..do.... 


145 

125 

155 
150 

MO 
140 

18 

112 
^43.4 
18 
125 
177.3 
136.5 
152.5 

158.8 

129.7 
132 
153 
183.2 

115 

148 
If  75  a 


.do....Ii*75 
.do....'i*80 


.do.... 
.do.... 
.do.... 

.do.... 

.do.... 
.do.... 
.do.... 

.do.... 
.do.... 


T.-!,:::: 

Quartzite 
....do.... 
....do.... 
....do.... 


135 
115 
115 

»60 

149.3 

150 

160 


130.8 
1*50 


1*4.8 
17 
15 
17 


12 


0*) 
1.1 


120 


110 

lio' 


1.3 

11 
15 


13 

110 
12 

12 

1.2 
16 
18.6 
12 

133 


0*) 
0*) 
110 

19 
13 

185 

110 
132 


140 
110 


160.8 
127 

'    180      { 

i"«50 

150 

149 
i-«30 

140 

153.4 
M5 
150 
110      , 

I  1*40 

156.9 

125      ' 
120      I 

>20 
130 
166 

166.6 

131 

170 

15 

19 
130 
180 

115 

130 
141.7 
132 
122 

140.  G 


120 

123 

155 

160 
121 
155 

110 

116 
15 
120 

17 
187 


114 
19 


'  UO 
,''35" 


0*) 

13 

12 


18 


>10 


111 
1.4 


1*5 


15 


•10 


>94 
141 
147 
176.4 
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road-making  rocks  {nee  Part  IF  for  completed  analysis) — Continued. 
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■':: 

14^ 

141 

«8 

16 

12 

115 
116 
12 

14^ 

"n.i' 

».5 

12 
1.5 

1.1 
U 

1.1 

1.2 

14' 

■ 

W 

1.1 

1.2 
1.4 

*4 

26 

22.4 

2.1 

1.5 

14< 

; 

16r 

17 

161 

1« 

15J 

«3 

no 

12 

1^ 



^N 

1.2 

1.1 

«1 

n 

«8 

n 

«.2 

n 

12.2 
220 

141.5 

16< 

«6 

15' 

16f 

182*' 

1.5 
1.3 
1*6 

12 

n 

1^15 
110 

16 

1 

14 

15J 

«2 

1.7 

m 

24 

\*la 
20.2 

16 

no 
13 

no 
14 

"12" 

162 

15 

16; 

235 

16^ 

110 

«8 

16. 

^ 

.. 

1 

m 

U 
11 

12 
n 
14 

«7 
16 

28 
26 
22 



130 
132 
no 

16' 

16} 

1.2 
1.2 

10.3 

16 

».3 

U 

■ 

17 

«9 

i$i 

24 

u. 

1 

IT 



1 

1  '*' 

a  See  pages  70  and  71,  Part  II,  for  the  mineral  indicated  by  asterisk  or  dagger. 
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rHE   TESTING    OF   ROAD   MATERIALS. 
Table  B  (Part  1).— -Percentage  of  c(mim(m  mineral  (xmstituents  in 


Locality. 

1 

s 

I 

181 

226 
499 
189 
449 
476 
667 
668 
368 

399 
398 
396 
406 
746 

Scientiflc  name. 

Common 
name. 

1 
Orthoclase. 

j 

1 

1 

2 
n 

1T2 

\fAf.hiion      'Rhsat     noiintrv 

Quartzite 

Quartrite . 
.....do.... 

181 

166.4 

157 

198.1 

194 

161 

P 

i-»25 

i-«20.6 
186.7 
138.5 

r-i 

186.8 
186 

191 

182.8 
195.5 
183 

193 
122 
13L7 
163.4 

114 

"i'b" 
"i6.'6" 

195.9' 
179.6 

*i"65*** 
158 

V46*" 
176.8 

160 
173 

"^'6' 4 
15 

Mass.   ' 
173 1          Do 

do 

174 1  Monticeilo,  Va 

do 

do.... 

135 

175j  Newport,  R.I 

176    Rowena,  S.Dak 

177'  Seattle   Wash 

do 

do.... 

do 

....  do.-.. 

12 
110 

1*88.3 
i*88 
110 

1*77.4 
1*70. 9 

170 

115 

156 
1*91 
1*93 

•1*2'" 
11 

do 

do.... 

178,  Berlin, Wis 

179'         Do                              .     . 

Rhvollte 

Porphyry. 
do 

do 

180    Br(^okline,    Norfolk 

do 

do..-. 

1      County,  Mass. 
181 1  Capital  City,  Colo 

182'  TTinBd»l«   rnlo-.        ... 

Rhyolite  (breccia).. 
Rhvolite 

do.... 

.  .  .do.-.. 

183 
184 

lAke  City,  Colo 

Lake  Shore,  Colo 

Madison,  Wis 

Rhyolite  (breccia).. 
Rhyolite  (tuflf) 

do.... 

.  do.... 

18^ 

Rhyolite 

do.-.. 

186 

Utlev,  Wis 

695 
696 
427 
697 
344 
94 

do 

do.-.. 

187 

Do 

do 

...  -do.... 

188 

Cumberland,  Md 

Sandstone 

Sandstone 
do.-.. 

189 

Wllkenbarre,  Pa 

do 

190 

Deerpark,  N.  Y 

Duanesburg.  N.  Y 

Fort  Smith,  Ark 

do 

do.... 

1*82.9 
14 
14 
14 

"il" 

191 

.  .  do 

-  .  do.... 

19? 

742 
743 
457 
196 

453 
763 
612 
412 
469 
7ft5 
88 
52 

491 
496 
497 

498 

do 

do.... 

19S 

Do 

.do 

..    do--.. 

194 

Kentawa,  Ky 

do 

do.... 

195 

Milton,   Norfolk    County, 

Mass. 
Stonington,  Miss 

.do 

.    .do 

17 

15 
15 

n 

"Kb 

196 

197 

.  .do 

do ... . 

Vicksburg,  Miss 

do 

do.... 

198 

Albemarle  County,  Va 

Alexandria  County,  Va — 
Asheville,  N.  C 

Chlorite  schist 

Mica  schist 

Schist  .... 

199 

do.... 

18 

n 

?00 

Hornblende  schist.. 
do 

do.... 

?01 

Do 

do.... 

18 
180 
(}*) 

117 
110 

"I'ds"' 
130 

121 

121 

125 
165 

113.4 
110 
15L8 
126 

130 

i-«32.7 

138 
11 
120 

19 

i?2 

?0? 

Athol.Mass 

Schist 

do.... 

203 
?04 

Buckland,  Franklin  Coun- 
ty, Mass. 

Charlottesville.  Va 

Do 

Augite  mica  schist. . 
Chlorite  schist 

do.... 

do.... 

1*74.8 

11 

705 

Ebomblende  schist. . 
do              

do.... 

114 

125 

12 

16 

?06 

Do 

do.  . 

707 

Do 

Biotite  schist 

...do-.-. 

115 

008 

Do 

552 

44 

'  Hornblende  schist.. 
do 

do 

?09 

Chester,  Hampden  County, 

Mass. 
Clinton,  WorcesterCounty, 

Mass. 
Goat  Island,  Wash 

do.... 

?10 

244 

508 
98 

371 

372 

373 

10 

69 

718 

123 
500 
411 

367 

386 

Mica  schist 

do-... 

19 
1*5 

m 

?11 

Chlorite  schist 

do.-.. 

?1? 

Great    Barrington,   Berk- 
shire County,  Mass. 
Hanover,  N.  H 

MioA  schist 

do.-.- 

?1R 

Hornblende  schist. . 
do 

do 

115 
112 

14 

?14 

Lebanon,  N.  H 

do-... 

215 
?16 

Do 

Biotite  schist 

do- 

16 

1  

Lenox,  Berkshire  County. 

Muscovite  schist — 
Mica  schist 

do.... 

?17 

Mass. 

Pittsfield.  Berkshire  Coun- 
ty, Mass. 

Quincy,  Norfolk  County, 
Mass. 

Rockport,  Me 

do....l    

?18 

Chlorite  schist 

do 

?W 

Biotite  schist 

do....       ..  . 

r?o 

Shadwell,  Va 

Chlorite  schist 

do . 

124 

'm 

Webster,  Worcester  Coun- 
ty, Mass. 

Brookline,  Norfolk  Coun- 
ty, Mass. 

Hudson.  N.Y 

Concord,  N.  C 

Gloucester,  Essex  County, 
Mass. 

Milton,    Norfolk   Countv, 
Mass. 

Salem,  Essex  County,  Mass. 

Waltham,  MiddlesexCoun- 
ty,  Mass. 

rHlifomift 

Muscovite  schist — 
Slate 

do 

??? 

Slate 

??3 

do 

do.... 

VM 

513 
30 

218 

115 
639 

79 
90 

'  Svenite 

Trap 

do.... 

do.... 

!  1 81. 5 

1*62.7 

.158.5 
150.4 
1 

1*95 
1*80 

225 

??6 

1  Augite  syenite 

■ do 

12.5 
118 

14 

118 

997 

do 

do.... 

??« 

Syenite 

do-... 

17 
15 

?'?9 

Trachyte .           .  . 

do 

TiV) 

Saugus,     Essex     County, 
Mass. 

do 

do...- 
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Toad-mahng  rocks  (see  Part  II  for  mmpleled  analym) — Continued. 


1 

< 

1 
1 

1 

1 

> 
0 

1 

a3 
0 
I 

i 

■a 

i 
1 

a; 

1 

2 
> 

c 

1 

5 

«j 

MO 

n 

«3.5 

86 

172 

1  ^-2 

11« 

«2.4 

173 

174 

1    n 

i     ».i 

1.2 

1.1 

175 

«1.1 

13 

176 

»9.8 
«.l 

12 

15.1 

19 

«.6 

177 

1 

83.2 

178 

11 
12 

U 

12.4 

1.6 

18.5 

..    ■          i 



179 

"*i"i* 

«2 

«6 

«6 
212.4 

«16 

240 

180 
181 

17.6 
115.6 

12 

«3 

18? 

11 

183 

88.4 

1H4 

1 

1...     . 

185 

12.9 
12 

n 



1  «6 
1  «8.8 



186 

1 

187 

'  1 

>2 
81.4 

17 

1 

188 

12 
1.4 

n 
1.1 
1.1 

1.1 

«5 

«4 

«1.4 
«3 

M 

' 

189 

13.6 



8.4 

190 

«4 

1 

191 

1.3 
12 

L    _    . 

192 

1 

1            1 

19S 

1 

' 1 

1 

194 

«r 

«1 

»1 
1.1 

1 

195 

1.4 

,        1.2 

1% 

197 

«3 

»22 
«1 
M 

842 



13 

198 

1.1 

17 

«i 

13 

118 

1.4 

199 

11 

1.4 

?00 

'10 

82 

Wl 

115 
112 

1.5 

•?o? 

18       

1.1 

13 

li 

1.1 

?0S 

M7 



?04 

!      »3 

12 

«4 

14.5 

12 

88 

8  12 

8  10 

8  12 

8.1 

8  29.9 

?n5 

1 

83 

?06 

u 

18.9 

"i'x" 

1^21 

'?07 

1 

?08 

•W) 

112 

8.2 

128 

186.8 
1  7 

1 

?10 

1 

«2 

230 

j          1 

?11 

18 

120 

85 

85 

I          1 

?1? 



13 
15 
12 
15 

1*6 

16 

12 
18 

«3.6 

1 

?n 

?14 

132 

2.2 
"6 

14      , 

12       

?15 

13 

;  (**) 

1.1 

160 
125 

?16 

«20 
«6 

120 

1.1 
153 

?17 

«40 

'215 

1.1 

?18 

85 
8  27 

'' 

?19 

«45 
«7 

??n 

ii4 

8.2 

1.1 

158.6 
163.8 

124 

1.1 

'r»?l 

■'is'" 
14 

120 

122.8 

14.5 

1.9 

12.5 

11 

12 

15 

"v;i* 

«8 
«3 

8  20.2 

1 

'??? 

1              ' 

1 

??3 

11 
18 

11 



12.5 

•??4 

1.5 

8.1 

1.1 

W5 

1.1 

«5 

1 

1 

1.1 

??6 

«8 

«2 

??7 

8  12 

125 

'??8 



??9 

>  1  «5 

25 

no 

W) 

1 
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THE   TESTING    OF   ROAD   MATERIALS. 


Table  B  (Part  II). — Percentage  of  rarer 

[The  small  numerals  placed  above  the  percentage  figures  denote,  respectively,  whether  the  mloeral 
posed,  and  the  secondary  those  resulting  from  sutisequent  change.  In  some  ca^es  the  separate  deter- 
two  is  given  in  one  column  and  an  asterisk  or  dagger  indicates  the  other  mineral.] 


Locality. 

1 

•u 

Scientific  name. 
Amphibolite 

Common         ^ 
name.       |    -^ 

1 

i 

Hematite. 

1 

1 

IS 

1 

Charlottesville,  Va 

Do 

Do 

364 

Tran 

7 

548 

do 

do 

::::::"■:*"!' 

8 

549 
550 
551 
726 

do 

do 

•  •     ■              

4           Do 

do 

do 1 

6           Do 

do 

do : 

6    WalUnirford.  Vt 

do 

do 

7 
8 

Cienf uegos,  Cuba 

471 

AndMiftA 

.  ...do 

lAke  Citv.  Colo 

407    do 

408   do 

354     Basalt 

857    do 

do ' 1. 

9!         DO..V 

do 1 

10 '  Ansonla,  Conn 

do 1 

11    Boundbrook.  N.  J 

do 

12 
13 

Do 

252 
251 

do 

do ' 

Bvram  Station.  N.  .1 

do 

do ' 

14    Deerfleld,  Frai'iklln  Coun- 

268 

78 
585 

do 

do 

ty,  Mass. 
15    Guttenberg,  N.  J 

do 

do 

1 

16    Moriranton.  N.  C 

do 

do 

1 

17 

18 
19 

Seattle,  Wash 

477 
260 

do 

do 

Great  Notch.  N.  J 

Somerville,  N.J 

do 

do 

637 

669 

250 

33 

391 

Ba^ialttufT 

do 

a5.0 

90 

Do 

do 

....do.... 

•-^1 

Wilmington,  N.  J 

Basalt 

do ' 

99. 

Salisbury,  Essex  County, 

Mass. 
Birmingham,  Ala 

Camptonite 

do 1 1 1 

TSi 

Chert 

Chert 

1                          1 

?4 

Do 

392 
393 
360 
437 

do 

do 

1 

?J^ 

Do 

do 

do 

1 

9fi 

Bluesprings,  Nebr 

....do 

do 

, 

71 

Elco,Ill 

do 

do ! ' 

?8 

Do 

584    do 

338             do    

do 

?9 

Gravtown,  Tenn 

do 1 

80 
81 

Hot  Springs,  Ark 

438 

538 
78 

82 

7 

869 
23 

do 

do - 

San  Jose.  Cal 

do 

do 

1 22.5 

82    Amherst.     HRmnshirp 

Diabase 

Trap 

83 
84 

85 
86 
87 
88 

County,  Mass. 
Do 

do 

do ' ' 

Brook  line,  Norfolk  Coun- 
ty, Mass. 
Do 

. .  .do . 

do  .::  .:::.:::: i 

Diabase  (altered)  .... 
Diabase       .  . . 

1 

do «8.2 

do 

Do 

Charlottesville,  Va 

4W 

415 

76 

863 

Diabase  (uralitic)  .... 
Diabase  .. 

do 

fViwetft  f!onnfv.  fia    

..  do 

89  1  Deerfleld.  Frftnkiin  (Vinn- 

do 

do 

40 
41 

ty,  Mass. 
Dickerson.  Md 

do 

do 1 

Fvprptt    MidHlpMPT  rViiin- 

2 

261 
49 
66 

9 

.do 

do             .    .        ..             

1      ty,  Maw. 
42    Great  Notch.  N.. I 

do 

do ' 

43 
44 

Haverstra  w,  N .  Y 

do 

do   1  

Holvoke.Hflmt>denroiiTitv. 

do 

do 1 

1      Mass. 
45'  Hydepark,  Norfolk  County, 

1      Mass. 
46;  Ipswich,    Essex     Countv, 

1      Mass. 
47    Lvnn.  Essex  Conntv.  Mtimi. 

do 

1          1 
do ' ' 

61 
21 

Diabase  (uralitic)  .... 
Diabase 

do           '                  . 

do 

48 
49 

*        J)q 

29 

do 

do : 

Maiden.  Middl(>s^x  Toiintv. 

270   do 

20  ' do 

do 1 

1      Mass. 
50    Med  ford.  Middlesex  Coun- 

do 1 

1      ty.  M»v«. 
51     Mpridpn.  Honn ...   

11 
71 
467 
4a5 
219 

68 

31 

850 
6 

do 

do 1 

52 
53 
54 

Do 

..do 

do            ...           

!          Do 

do 

do 1 ! 

'  \fiddlP  V'nllov   N    1 

do 

do           1           1           ■  

55  Milton.   Norfolk    County, 
1      Ma.HS. 

56  Monson,Hamp<len  County, 
■      Mnss. 

57 1  Newbury,.  Essex    Countv, 

Diabase  (uralitic) .... 
Diabase 

do ' ' 

do 1 : 

do 

...do , 

1      Mass. 
56    New  Providence,  N.J 

do 

do 

69    Newton,MiddlesexCounty, 

do 

do 

'      Ma«i. 

C 
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mineral  constituents  in  road-making  rocks. 

i£  primary  or  secondary,  the  primary  minerals  being:  the  original  minerals  of. which  the  rock  is  com- 
mination  of  two  minerals  in  the  same  rock  is  impracticable,  therefore  the  total  percentage  of  the 


i- 

Rutile. 

Limonite. 

Glaucophane. 

^4 

Tourmaline. 

Kaolin. 

Scolecitc. 

Natrollte. 

I 

I 
1 

i 

1 

1 

«0.1 

........'... 

2 

1 

3 

1 

«0.1 

"  1 

4 

5 

6 

, 

U5.0 

]              1 

7 

«1.5 


1 

8 

1 

9 



1        '      1              1 

10 

no 

17 



11 

«19 

12 

13 

; 

112        -      «15 



14 

! 

15 

If) 

1  . 

17 
18 
19 

124 
»72 
180 
120 

1 

1 

«3.7 

; 

20 

1 1 

1 

M5 

21 

1 

1 ' 

22 

'                 1 

«0.5 
«0.5 
SO.  6 
«3.8 

1              1 

23 

21 

25 
26 
27 
28 
29 
30 
'^1 

j 

«2 

«3.3 

«3 

..    .                         1 

1 

10.1 

1 

1 

26.8 

32 

1 

?3 

::::::::  :::::::j: 

34 

1 

S") 

1 

36 
37 
38 

..    1 

39 

40 

, 

1 

41 

I 

122 

i 

i 

42 

4S 

1 

1 

44 

1 

1 

1 

4*1 

1 

. 

1 

46 

1 
1 

47 

.............. 

'19 

128 

1 

1 

1 

fiO 

! 

•SI 

«2 

n 

«10 

f>? 

* 

«6 

53 
54 

«20 





55 

1 

1                1 

56 

1 

1 '" 

57 

«i 

' 

«40 

1 

58 

i 1 

6. 
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Table  B  (Part  II). — Percentage  of  rarer  mineral 


Locality. 

d 
55 

Scientific  name. 

Common 
name. 

5i 

1 

1 

1 

N 

60 
61 

Quincy,  Norfolk   County, 
Mass. 
Do 

18 

299 

42U 

731 

835 

22 

25 

28 

32 

84 

566 

19 

75 
83 

64 

517 

12 

67 
91 
93 
69 

m 

117 

472 
490 
852 
675 
409 
227 

86 

659 

1 

611 

D6 

56 

804 
583 
254 
514 
40 

24 
27 
72 

3 

124 
97 

86 

87 
92 

249 
196 
25:? 
887 

248 
285 
88 

613 
422 
203 

Diabase 

Trap 

1      1 

Diabase  (uralitic).... 
Diabase.. 

do 

6? 

Roberts  Station,  Qa 

Rockhill,  Pa 

do 

63 

do 

do 

64 

Rockland  Lake,  N.  Y 

Saugus,  Essex  County  .Mass. 

do 

do 

65 

do 

do 

66 

do 

do 

67 

Do 

do 

do 

t 

68 

Do 

do 

do 

69 

Do 

do 

do 

70 

Shadyside,  N.  J 

do 

do 

71 

Somerville,  Middlesex 
County,  MaFS. 
Do 

Diabase  (gabbroitic)  . 
Diabase 

do 

7? 

do 

1 

1 

78 

Sterling,  Worcester  County. 
Mass. 

Ware.  Hampshire  County, 
Majw. 

Westfleld,  Hampden  Coun- 
ty Mass. 

West  Springfield,  Hamp- 
den County,  Mass. 
Do 

do 

do 

, 

74 

do 

do 

75 

do 

do 

76 

do 

do 

77 

do 

do 

1 

78 

Do .             ... 

do 

do 

79 

Do 

do 

do  

1 

BO 

Winchester.  Middlesex 

County,  Mass. 
Asheville  N  C 

...  .do 

do 

1 

81 

Diorite 

do 

I  1 

82 

Beverly,  Essex  County, 

Mass. 
Campo,  Fla 

do 

do 

83 

do 

do 

84 

Charlottesville,  Va 

do 

do 

Hi 

Delaware  River,  Pa 

Havana,  Cuba 

do 

do 

86 

do 

do 

87 

Lake  Ciiv  Colo 

do 

do 

10.1 

88 

Millville.    Worcester 

County,  Mass. 
Newbury,  Essex   County, 

Mass. 
Providence,  R.  I 

do 

do 

89 

do 

do 

90 

Augite^orite 

do 

; 

91 
92 
93 

Salem,  Essex  County,  Mass. 
Do                      

do 

do 

Diorite  (vogesite)  .... 
Diorite 

do 

( 

IVatprtnwn     lir  i  /I  ^  1  P  a  P  Y 

do 

r 

1      County,  Mans. 

..  ..do 

...  .do 

95 

96 

County,  Mass. 

Do 

Canton.  Ga 

Glen  Mills  Pa 

..    .do 

do 

Eclogite 

Garnet  rock 
do 

97 

do 

98 

Ashboro  N  C 

Felsite 

do 

do 

do 

do 

Porphyry... 

99 

Boston,    Suffolk    County, 

Mass. 
Lynn,  Essex  County,  Mass. 
Do 

do 

100 

do 

1 

101 

do 

1 

no    1 

102 

Quincy,  Norfolk   County, 

Mass. 
Revere,  Suffolk    County, 

Mass. 
Do                     

do 

1 

103 

do 

do 

i                 ' 

104 

do 

do 

i 

105 

Rowley,  Essex  County, 

Mass. 
Saugus,  Essex  County, 

Mass. 

Do 

Weymouth,   Norfolk 

County,  Mass. 

TtpKTPn    V     T 

do 

do 

..1      ...  . 

106 

do 

do 

1 

107 

do 

do '. 

i 

108 

do 

Gabbro 

do 

Uralite  gabbro 

Gabbro 

do 

Uralite  gabbro 

Gneiss 

do 

Hornblende-gneiss . . . 
Gneiss 

do '- 

109 

Trap 

1     ! 

110    Cortland   N  Y '.". 

do 

1 

Ill     T^mKprffl-rinp    X    .T 

do 

1V> 

Do 

Rocky  Hill,  N.  J 

Do 

Athol,  Worcester  Countv, 

Mass. 
Albemarle  County,  Va  .... 

Atlanta.  Ga 

Auburn,  Worcester  Countv, 

Mass. 

do 

::::!:::::::::::::: 

113 

do 

1 

114 

do 

115 

Gneiss 

1 

•'0.1 
»0.1 

116 

do 

1 

117 

do 

118 

do 
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conslUuenis  in  road-making  rocks — Continued. 


i 
i 

i 

6 

1 

1 

0 

1 

1 
1 

c 

1 
1 

£ 

Hyperathene. 

1 

1 

^   ! 

j 

1 

1 

60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

72 
78 

74 

75 

76 

77 
78 
79 
80 

'     81 
;    82 

83 

84 
85 
86 
87 
88 

89 

90 
91 
92 
93 

94 

95 
96 
97 

1    96 
99 

'  100 
101 
102 

103 

IW 
105 

106 

107 
108 

;  109 
110 
111 
112 
113 
114 

1  115 

1 

'  116 
117 

1  118 

1 

: 

n.4 

«3 

1 



»7 

. 

1 

1 

«7 

n4 

15 

«0.1 

' 

S8 

1       1 

1 

1 

1 

J 

«0.1 

--- 

"1 

: 

M6 
«2 

1 

^..^^^....^^^^..^^.^^^^^.^^^^^.^^.^ 

, 

«0.2 



MO 

«57.8 

(«•) 

1 

«1.6 

ni 

1 

1 

I 

n 

1 

1 

1 

• 

M5 

1 

j           

1 

1 

82 

«0.1 

i 

1 

1 

1 

i 

1 

1                   1 

1 

«1 

1 

S6 

1 

1 

1 

1 '" 



«30 

2  1H.2 

23 
235.8 

«0.1 

1 ...! 

' 

i 

1 

i     *1 

1 

i  "■' 

20.1 

1 
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THE    TESTING    OF   BOAD   MATERIALS. 

Table  B  (Part  II). — PercefUage  ofrarei'  mineral 


119 
120 

Locality. 

i 

Scientific  name. 

Common 
name. 

2 
1 

1 

£ 

^ 

Augusta.  Ga 

419 
118 

77 

5 

61 

532 
13 

37 

581 
100 
468 
63 

81 

60 

627 
62 

74 

89 

242 

279 
374 
747 
436 
416 
431 
256 

26 

370 

421 

578 

8 

89 

375 
17 

34 

15 

32 

397 

4 

432 
433 
5V 

58 
266 

14 

478 

49:? 

43 

48 
80 

121 

329 

Granite-gneiss 

Gneiss 

Gneiss ' 

. 

1 0.1 

Ashbv.  Middlesex  Countv. 

do ' 



Mass. 

121  Dart  mouth,  Bristol  County, 

Mass. 

122  Duxbury,  Plymouth 

County,  Mass. 

123  Lee,     Berkshire    County, 

.Ma«s. 

124  Little  Falls.  N.Y 

do 

.  .  .do      ... 

(»*) 

1 

do 

....  do ' 

1 

Hornblende  gneiss  . . . 
Granite  gneiss 

1 
do 

! 

do 

125  Marion,  Plymouth  County, 

Mass. 

126  Newburyport,    Essex 

County,  Mass. 

127  Occoquan,  Va 

128 ,  Round  Island,  N.Y 

Gneiss 

do 

do 

do i 

i 

do 

do 

do 

do ! 

129    To<'coa  Ga      ....'. 

Granite  gneiss 

do ' 

130  Uxbridge,  Worcester 
1      County.  Mass. 

131  Westport,  Bristol  County, 
■  1      Miiss. 

132  Ashby.  Middlesex  County, 
1      Mass. 

133  '  Asheville,  N .  C 

Gneiss 

do 1 

do 

do 

1 
1 fi+^ 

Granite 

Granite 

1 

do 

do ! 1 

134     Bpvprlv.     F^Mfx      C^mmtv. 

Hornblende  granite . . 
Granite 

do ■ ■ ---- 

{'*) 

ISfi 

Ma.««. 
Do 

do 1 ' 

1M»> 

Do 

Hornblende  granite . . 
Gnei&soid  granite 

Granite 

do 

do 

do 

do 

do 

1S7 

Clinton,  Worcester  County, 
Mass. 
Do 

do: ! 

T^S 

do  1 

1.1 

1S9 

f!nhimbiA.  S.  C 

do ' 

1  SO     P-nnpord    K.  C 

do ' 

141 
142 
143 

Do 

::::.do::::::'::::::.::::: 

1.6 

Elbcrton,  Ga 

do ■ 1 

Flm  CUv   N   n 

..do 

do 1 

144    Fitch  burg.     Worcester 

County,  Mass. 
146    Gloucester,  Essex  County, 

1      Ma.ss. 
146     Rfliinvpr  N.  H 

do 

do ' 

Hornblende  granitite . 
Gneissoid  granite 

do ' 

no 
no 

do 1 

147 
148 
149 

Lithonia  Ga 

Granite           

do 

Los  Angeles,  Cal 

do 

do 

1.1 

Northftmnton.   HfttnriMhirp 

Hornblende  granitite . 

do 

Granite 

do 

do 

do 

do 

do 

do 

do 

Granitite 

do 

do 

do 

do 

do ' 

1      County.  Mass. 
150    Orftni?p.  Franklin  nonntv. 

do 1 

1.1 

151 
152 

Mass. 
Pacolet,  S,  C 

do ' 

Qiiinr'v     Vnrfnlk     r!niiTit.\- 

do 1 

do...       1 

Ot) 

Mass. 

153  RockiK)rt.  Essex   County, 

Mass. 

154  SflnirnM        Fskptt      rmmtv 

12 

do           '...     . 

155 

l.W 
157 

Ma.«8. 
Do 

do 

Sherman.  Colo                .  . 

do ' 

n 

T«inii*rin      "Rriefnl    Prtiintv 

do           '  

1 

Mass. 
1.58     WMlthtim        MlddlPMPx 

do ' ' 

1 

159 
1(» 
161 

Countv,  Mass. 
Wilson.  N.  C 

do 

1 

Do 

do «2 

do 

WinphostPr    \f  i  d  d  1  psp  t 

County,  Mass. 

162           Do 

Hhi    WoTc^HtoT      W orcester 

do 

.do 

I  6. 2 

('♦) 

Count V.  Mass. 
UA    Cumberland.  R.  I 

Peridotite 

Trap 

HiT)     WAnaniiP    \*.  J 

Peridotite  ( Lherzoli  te ) 
Quartzite 

..  ..do 1 

167 

Basic  Citv.  Va 

Quartzite . . . 

10.2 

Fwisi  Pr*»vidpnpp    R    T 

do     

do 

KVS           Do 

do 

do 

169  Great    Barrington,    Berk- 

shire County,  Mass. 

170  Leo.     Berk.shire     County, 

Mass. 

171  Merrimac,  Essex  Countv 

do... 

do   

.    .    .1 

1.1 
1.2 
1.1 

.do  ..!      ..- 

do 

Mass. 
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< 

6 
C4 

i 

o 

a 

«2 

O 

1 

be 

1 

Tourmaline. 

1 

2 

1 

1 

.1 
1 

c 
3.) 

£ 

Neph  elite. 

c 

119 

S2.5 

1V0 

n 

1 

1*?1 

i                1 

1  ■ 

T>? 

1 

!?:< 

' 

1?4 

I^-S 

\          1 

i?r> 

«0.1 

T?7 

135 

1*^8 

. 

. 

1*9 

1 



ISO 

1 

181 

■ 

«1 

U^? 

*2 

1        1 

133 

( 

:::::::::::::::: 

• 

i;^ 

\          \          \          \ 

1 

i:V> 

13rt 

1 

137 

«2 

1  .. 

1 

13S 

»7 

139 

«3.9 

140 

141 

».6 

SI 

14? 

»1.5 

143 

22 

144 

1 

1 

M» 

1 

1 

1 

146 

147 

8.6 



8-2. 7 

n4 

14« 

149 

1 

... 

1 

150 

'     1 

Inl 

1 

< 

15? 

;                   ;          , 



1 

1 

153 

i         ! 

!       i       i 

IM 

i 

1 

1 

1 

155 

1 



156 

, 

«1 

' 

157 

! 

1              1 

158 

::::i::::;::: 

27 

159 

1(U) 

161 

' 

1 

1 

16'' 

, 

27 

163 

1 

Ifrl 

uo 

1(>5 

n 
n 

166 

1 

167 

t                             ! 



1 

168 

,                             1 

................ 

1 

169 

i 

«.6 

170 

»0.1 

1 

171 
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THE    TESTING    OF   ROAD   MATERIALS. 

Table  B  (Part  II). — Percentage  of  rarer  mineral 


Locality. 

d 
'A 

419 
118 

77 

5 

51 

532 
13 

37 

681 
100 
468 
63 

81 

60 

627 
62 

74 

89 
242 

279 
374 
747 
436 
416 
431 
256 

26 

370 
421 
578 

8 

39 

375 
17 

34 

15 

32 
397 
445 

4 

482 
4:« 
57 

58 
266 

14 

478 

493 

43 

48 
80 

121 

329 

Scientific  name. 

Common 
name. 

Gneiss 

i 

1 

9. 

3 

1 

N 

119 
120 

Augusta  Ga                . .  . . 

Granite-gneiss 

Gneiss 

i 

»0.1 

Ashliv   \fiddlps*»x  rnnntv 

do 1 

Mass. 

121  Dartmouth,  Bristol  County, 

Mass. 

122  Duxbury.  Plymouth 

County.  Mass. 

123  Lee      Berkshire    Countv, 

do 

do 



0*) 

do 

do ' 

Hornblende  gneiss  . . . 
Granite  gneiss       .... 

do 

Mass 
124    Little  Falls.  N .  Y 

do ' 

12o    Marion,  Plymouth  County, 

Ma.s8. 
12G     Mfwhnrvnnrt      Frmox 

Gneiss 

do 1 

do 

do 1 

1 

127 
128 
129 
130 

County,  Mass. 
Occoquan,  Va 

do 

1 
do 

1 

Round  Island,  N.Y 

Toccoa,  Ga '. 

d© 

do 

'\*l 

('*) 

Granite  gneiss 

do ' 

l'vV»rtdirA      VC  tiro  f^Ri  t*T 

Gneiss 

do 

County.  Mass. 

131  Westport,  Bristol  County, 

Mass. 

132  Ashby,  Middlesex  County, 

Mass. 
laT    Asheville.  N.C 

do 

do 

I (»t) 

j 

Granite 

do 

Hornblende  granite . . 

Granite 

Hornblende  granite . . 
Gneiasoid  granite 

Granite 

do 

do 

do 

do 

do 

do 

Hornblende  granltite. 

Gneissoid  granite 

Granite 

do 

Hornblende  granitlte . 

do 

Granite 

do 

do 

do 

do 

do 

do 

do 

Granitite 

do 

do 

do 

Peridotite 

Peridotiic(Lherzolitc) 
Quartzite 

do 

do 

do 

do 

Granite 

do ! 1 ' 

134     W*»v#»rlv      R<«sp5r      fount  v. 

do ■ ' 

(»*) 

135 
I'M) 
137 

Mass. 
Do 

a„ 1 1 i 

Do 

do 

flUnfrin    \Vnrnf»st«»r  r'raint\' 

do: 

1 

Mass.' 

i:W          Do 

do    

1.1 

1:UJ    Columbia,  S.  C 

do 

1  lO    Concord,  N.  C 

do 

141           Do 

do 

1.5 

142 
113 

Elberton,  Ga 

do 

KlmTitv  x.r    

do 

1 

144  Fitehbu rg,     Worcester 

Countv,  Mass. 

145  Gloucester,  Essex  County, 

Mass. 

146  Hanover  N  H 

do 

do 

MO 

1 
do ' 

no 



147    Lithonia.  Ga 

do 

liX    Ix>8  Angeles,  Cal 

149  Northampton.  Hampshire 

County.  Mass. 

150  Orange,  Franklin  County, 

Mass. 

151  Pacolet  S  C 

do   i 

».l 

do --' 1 

do 

1        1 

1.1 

do 

1        i 

152  Quincy,  Norfolk   County, 

Mass. 

153  Rock  port,  Essex    County. 

Mass. 

154  Saugus,     Ei-sex     County. 

Mass. 

155  Do    . 

do 

do 

(»t) 

1 

12 

do ' ' ' 

do ' 

15('i '  Sherman   Colo 

.  ..  do 

n 

157    Taunton,   Bristol  County. 
Mass. 

1.58     wtil  t  hnm         \n  d  d  1  <>  N  P  Y 

do 



do 

i 

159 
liiO 
161 

162 
1(W 

1JV4 
Km 
\t'A\ 

107 

County,  Mass. 
Wil«!on  N  C 

do 

Do . .   . 

do 82 

do 

1 

Wi  nchester.  Middlesex 
County,  Ma.ss. 
Do 

do ' (»*) 

Worcester,     W  o  r  c  e  s  t  c  r 

County.  Mass. 
Cumberland   R  I 

do 10-2 

Trap 

Wanaque.  N.J 

Basic  Cilv  Va 

do 

1 

Quartzite... 



»0.2  1 

FumI  T>iv»v-idonf><»    M    I 

do 

lt>s '  Do 

.do 

169,  (ircat    Barrington.    Berk- 

;      shire  Countv,  Mass. 
170    Lt-e      Berkshire     Countv 

do 1 

1.1 
1.2 
1.1 

do                     :       

Mass. 
171 1  Merriniac    E»»s<*x  Countv 

do           i          1       -    

'      Mass. 
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Allanlte. 

Rutilc. 

c 

«2 

i 
1 

i 

1 

•  Kaolin. 

1 

1 

Natrollte. 

i 

£ 

X 

'3 

1 

c 

1 

119 

2  2.5 

1>0 

U 

V'l 

|. 

I'*? 

1 

1 

T?3 

1 

1 

' 

i 

TM 

1 

1 

l^") 

1 

^'>€^ 

«0.1 

1 
1 

vn 



135 

V>H 

1 

. 

129 

i _._ 

1 

1        i        '       i        . 

i 

1S1 

n 

j 

n? 

«2 

'               j 

1S8 

, 

* 

i;^ 

1 

' 

i;« 

1 

i;^ 

n? 

82 

.... 

1 

1 

13S 

27 

liW 

«3.9 

:;;:::. i;::::: 

no 



1-11 

*.5 

«1 

1 

14? 

«1.5 

143 

22 

144 





1 

! 

145 

. 

! 

146 

...  .    j 

1 

147 



«.6 

«2.7 
214 

14H 

1 

149 



_  _     _  . 

1 

150 

1               1 

1 
1 

■ 

i.M 



1               • 

15? 

1 

1 

1        1        1 

153 

I 

i ' ! 

154 

, 

1              1 

155 

1 

1 

I5(> 

«1 

• 

157 

'              1 

158 

1 

215 
27 

' 



159 

1 

\m 

1«1 

1              ' 

1rt'> 

2? 

1»>3 

! 

164 

WO 

1(t5 

n 

1H(i 

1 

167 



UW 

169 

1 

..5 

1 

170 



10.1 

1 
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THE   TESTING    OF   ROAD   MATERIALS. 

Table  B  (Part  II). — Percentage  of  rarer  mineral 


Locality. 


172 

ITS 
174 
176 
176 
177 
178 
179 
180 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 

196 
197 
198 
199 
200 
201 
202 
203 

204 
205 
206 
207 
208 
209 

210 

211 
212 

213 
214 
215 
216 

217 

218 

219 
220 
221 

222 

223 
224 
225 

226 

227 


229 
280 


Methuen,   Essex   County, 

Mass. 

Do 

Montlcello.  Va 

Newport,  R.  I 

Rowena,  S.  Dak 

Seattle,  Wash 

Berlin,  Wis 

Do 

Brookline,  Norfolk  County, 

Mass. 

Capital  City,  Colo 

Hinsdale,  Colo 

Lake  City,  Colo 

Lake  Shore,  Colo 

Madison.  Wis 

Utley,  Wis 

Cumberland,  Md 

Wilkesbane,  Pa 

Deerpark,  N .  Y 

Duanesburg,  N.  Y 

Fort  Smith,  Ark 

Do 

Kentawa,  Ky 

Milton,  Norfolk  County, 
Mass.* 

Stonington,  Miss 

Vicksburg,  MKs 

Albemarle  County,  Va 

Alexandria  County,  Va 

Asheville,  N.  C 

Do 

Athol,  Mass 

Buckland,  Franklin  Coun- 
ty, Mass. 

Charlottesville.  Va 

Do 

Do 

Do 

Do 

Chester,  Hampden  County, 
Mass. 

Clinton,  Worcester  County, 
Mass. 

Goat  Island,  Wash 

Great  Banington,  Berk- 
shire County,  Mass. 

Hanover,  N.  H 

Lebanon,N.  H 

Do 

Lenox,  Berkshire  County, 
Mass. 

Pittsfleld,  Berkshire  Coun- 
ty, Mass. 

Qumcy,  Norfolk  County, 
Mass. 

Rockport,  Me 

Shadwell,  Va 

Webster,  Worcester  Coun- 
ty, Ma.ss. 

Brookline.  Norfolk  Coun- 
ty, Mass. 

Hudson,  N.  Y 

Concord,  N.  C 

Gloucester,  Essex  County, 
Mass. 

Milton,  Norfolk  County, 
Mass. 

Salem,  Essex  County.  Mans. 

Waltham.MIddlescxCoun- 
tv,  Mass. 

California 

Saugufl,     Essex     County, 


115 
639 


Scientific  name. 


181 

226 
499 
189 
449 
476 
667 
668 
368 


406 
746 
095 
696 
427 
697 
3^14 
94 
742 
743 
457 
196 

453 
7.W 
612 
412 
469 
706 
88 
52 

491 
496 
497 
498 
552 
44 

244 

508 


371 

372 

373 

10 


718 

123 
500 
411 


385 
513 


Quartzite . 


do... 

do... 

do... 

.....do... 

do... 

Rhyolite. 

do..., 

do... 


Rhyolite  (breccia) . 

Rhyolite 

Rhyolite  (breccia). 
Rhyolite  (tuff)  . . . . 

Rhyolite 

do 

do 

Sandstone 

.do 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


do 

do 

Chlorite  schist 

Mica  schist 

Hornblende  schist. . 

do 

Schist 

Augite  mica  schist . 


Chlorite  schist 

Hornblende  schist. 

do 

Blotite  schist 

Hornblende  schist. 
do 


Mica  schist . 


Chlorite  schist. 
Mica  schist 


Hornblende  schist. 

do 

Biotite  schist 

Muscovite  schist  .. 


MicA  schist 

Chlorite  schist. 


Blotite  schLst 

Chlorite  schist 

Muscovite  schist  . 

Slate 


do 

Syenite 

Augite  syenite. 

do 

do 

Syenite , 

Trachvte 

do 


Common 


Quartzite . 


....do... 
....do... 
....do... 
....do... 

....do I 

Porphyrj'... 

do... 

do... 


....do 

do 

do 

do 

do 

....do 

....do 

SandsUme . 

....do 

....do 

....do 

do 

....do 

do 

....do 


do. 

do. 

Schist  . 

do- 

do. 

do. 

do. 

do. 


Slate  .. 

do. 

Trap... 
do. 

....do 

....do 
....do 

....do 
....do 


«2.6 


«5 

«5 


M 


\1 


».2 


».l 


«.l 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do . 

.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

.do. 

.do. 

.do. 
.do. 
.do. 


I     ! 


1 
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1 

< 

6 

1 

i 

Glaucophane. 
Rock  glass. 

9 

a 

1 

2 
1 

1 

1 

1 

s 

1 

t 

0 

172 

178 
174 
176 
176 
177 
178 
179 
180 

181 
182 
183 
184 
185 

• 

«2.9 

1 

i      ' 

1 

«4.5 
«.6 

«8.7 

1 

26 

S1.3 
S2 

t 

1 

1 

1... i 



::::::::::::::::i :::::::::::::: :: 

1 

«3 
«1 

1 

1 

1 

226 

■•::::::i 1 

:!:.:.;i!!;;.;!' 

1 

186 

187 

M1.1 
M.2 
24.3 

2  12 

«.4 
S7 
«4.5 

82 

«1 

10.1 

188 
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74  THE   TESTING    OF   ROAD   MATERIALS. 

FOEMS  FOE  EEPOETING  RESULTS  OF  TESTS,  ETC. 

INSTRUCTIONS  FOR  SELECTING  AND  SHIPPING  SAMPLES. 

In  order  to  have  road  materials  tested  in  the  laboratory  of  the  Department  of 
Agriculture,  the  instructions  below  must  be  carefully  followed: 

1.  All  samples  should  be  selected  to  represent  as  nearly  as  possible  an  average  of 
the  material. 

2.  A  sample  of  rock  for  laboratory  test  must  consist  of  stones  which  will  pass 
through  a  3-inch  but  not  through  an  inch  and  a  half  ring — excepting  one  piece,  which 
should  measure,  approximately,  4  by  6  inches  on  one  face  and  be  about  3  inches 
thick.  The  whole  sample  should  weigh  not  less  than  30  pounds.  It  is  desired  that 
samples  of  rock  be  shipped  in  burlap  bags. 

3.  A  sample  of  gravel  must  weigh  not  less  than  25  pounds,  and  should  not  contain 
stones  over  1  inch  in  diameter.  Such  samples  must  be  shipped  in  boxes,  sufficiently 
tight  to  prevent  the  finer  material  from  sifting  out. 

4.  A  sample  of  paving  brick  must  contain  36  whole  bricks,  or  24  blocks,  which 
must  be  securely  packed  in  a  box  for  shipment. 

5.  A  blank  form  and  addressed  tag  envelope  will  }ye  supplied  l)y  the  Department 
for  each  sample.  The  blank  form  must  be  filled  and  placed  in  the  tag  envelope, 
which  must  be  used  as  the  address  for  the  sample.  It  is  essential  that  these  blank 
forms  be  filled  with  the  utmost  care,  as  they  are  filed  as  records  of  the  samples. 

6.  The  Agricultural  Department  desires  to  keep  a  record  of  the  actual  wear  on 
roads  built  of  the  materials  tested.  If  the  material  which  this  sample  represents 
has  been,  or  is  about  to  be,  used  on  roa<ls,  this  laboratory  desires  to  be  informed  of 
the  addresses  of  those  in  charge  of  the  construction  and  maintenance  of  such  roads. 

7.  Samples  must  he  shipped,  freight  or  expressage  prepaid,  and  bills  of  lading  or 
express  receipts  forwardeil  by  mail  to  the  Road  Material  Laboratory,  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 


SHIPPING   BLANK. 

1.  The  sample  about  to  l)e  shipped  is  from  the  State  of .     County  ■ 

Town  or  city . 


2.  It  comes  from  the  property  of . 

3.  If  rock,  about  how  many  cubic  yards  are  available?    . 

4.  Name  and  address  of  person  sending  sample:  . 

5.  Date  of  shipment:  ,  19 — . 

6.  Is  test  desired  by  a  private  person,  municipality,  or  company? 

7.  Name  of  person,  municipality,  or  company:  . 

8.  Is  material  intended  for  general  sale  to  the  public?    . 

9.  Has  material  been  used  on  roads?    If  so,  where?    . 


If  a  judgment  of  6ami)le'8  fitness  for  a  particular  road  is  desired,  further  details 
must  be  given,  and  Form  No.  3  will  be  mailed  to  you  for  this  purpose. 

IK)  NOT  WRITE  BELOW  THIS  LINE. 

Date  received  at  laboratory:  ,  19 — .     Sample  No. . 

TestvM  made  on  sample:  .    Abrasion  No. .     Result: .    Cementation 

No. .    Result: .    Toughness  No. .    Result: .    Hardness  No. . 

Result:  .     Density  No. .     Result:  . 

Name  of  material:  . 

Other  tests:  . 

Condition  of  sample:  . 

Remarks:  . 


Digitized  by 


Google 


REPORT   FORMS. 


75 


REPORT  OX  PHYSICAL  TESTS. 


Report  on  sample  No. of  road  material  from  • 

Made  at  the  request  of . 

Material:  . 


Remits  of  physical  tests  on  sample  submitted^  and  a  comparwo7i  with  highest  and  l(ywest 
results  obtained  on  material  of  a  similar  nature. 


Determinations. 

Results  on  mmple 
1        submitted. 

Results  ( 
Highest. 

>n  similar  materials. 

i          Lowest. 

1                                 1                                 1 
Specific  gravitv ' < 

Weight  per  cubic  foot 

Water  absorbed  per  cubic  foot 

Per  cent  of  wear 

......'.... 

lb«. 

lbs. 

lbs lbs. 

Ibsi lb«. 

HardneNS 

ToughneRS > 

Cementing  value , 

An  explanation  of  tests  is  given  in  the  accompanying  circular. 
Rbmabkb: 


REPORT  OX  CHEMICAL  AND  MINERAL  COMPOSITION. 


Chemical  and  mineral  composition  of  sample  No.  - 

Made  at  the  request  of . 

Character  of  material:  . 

Essential  minerals: 


-  of  road  material  from  - 


Accessory  minerals: 


Secondary  minerals: 


Name:  ■ 
Chemical  Analysis: 

Silica  (SiO,) 

Alumina  ( Al^Og) 

Iron  oxid  (Fe-jOj) 

Manganese  oxid  (MnOJ  . 
Titanium  oxid  (TiOj) . . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Aikaiiesjj^^^)- •■■■;;;;;; 

Loss  on  ignition 

Insoluble  in  HCl 

Water  at  105^  C 

Water  above  105°  C 


Total. 


Remarks: 


Date: 
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THE   TESTING    OF   ROAD   MATERIALS. 
ABRASION  TEST. 


Data. 

uMd lnt«8t.                             ^^^  ^'  material  after  test. 

Inches 

•                    1 
2.4-1.2          2.4-1.2           1.2-4>.      i      JL-*l. 

All  under 
A- 

All  detri- 
tus. 

Centimeters 

6-3                  &-3 

»-.16 

.l6-.'6& 

Weight  In  ounces 

Weight  in  grams 

; 



1 

! 

1                    '                    1 
Number  of  pieces 

1                                       1                    1 

Percent ! 

Serial  No.  — 

Locality 

Date  of  test  • 
Made  by  — 


Nanie  of  material  • 


-.     DepaH;ment's  coefficient  of  wear  - 
French  coefficient  of  wear . 


Percentage  of  wear  - 
Remarks: 


Report  of  Rattler  tests  on  sample  No. 

Made  at  request  of . 

Trade  name  of  brick . 

Condition  of  sample . 


RATTLER  TEST  OF  PAVING  BRICK. 
General  Report. 

—  of  paving  brick  from  ■ 


Determinations. 


Lo*w  in  per  cent  at revolutions 

Loss  in  per  cent  from  1.200-1,800  revolutions  . 
Loss  in  per  cent  at  1.800  revolutions 


Average  of  charge.    ,   Greatest   |      Lea.st 

individual  individual 


Test  No.  1. 


Tt»st  No.  2.  I 


loss. 


loss. 


Average  losfl  at  1,800  revolutions,  in  per  cent . 

Highest  and  lowest  resul  ts  obtained  up  to  the  present  date  on  other  paving  brick  - 

Rattler  loss  in  per  cent  at revolutions .         Average  of  chaige 

Rattler  loss  in  per  cent  from  1,200-1,800  re  volutions .        "  **      

Rattler  loss  in  per  cent  at  1,800  revolutions .  "  **     

Remarks: 

Date . 


Serial  No. 

Shipped  from  - 
Date  of  test  — 


Detailed  Report. 
Trade  name  of  brick . 


Made  by  ■ 


Condition  of  sample  when  received 

Size  of  Rattler .     Spee<i  of  Rattler  - 

Charge .     Shot . 


Brick 


Size  of  brick  - 


R.  P.  M. 


Digitized  by 


Google 


REPORT   FORMS. 

RESULTS. 
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Number  of 
brick. 

Original 

weTifht, 

kgs. 

Loss  in  Rattler. 

rev.                        1,200  rev. 

1,800  rev. 

In  kgs.     1  In  percent. 

In  kgs. 

In  percent. 

In  kgs.     |In percent. 

1 

2 

1 



, 

3 

1 

1 ! 

4 

' 

5 

6 

7 :.: 

'.!!.!!!.!!!!i!!!. !..;..  ! 

8 

9 

::::::::::::i ::::::::: :::::: 

10 

., ) ! ... 

11 

12 

1 

Avera^ 

1 

1 

Greatest 

1 

Least  

1 

i           1 

Remarks: 


FOR  RECORDING  VOLUME  AND  CHARACTER  OF  TRAFFIC. 

N.  B.— This  form  should  be  used  for  recording  the  traffic  of  one  road  only. 

Each  variety  of  traffic  enumerated  below  should  be  kept  on  separate  slips  of  paper  and  the  total 
number  of  each  variety  placed  in  its  proper  square  after  a  record  of  twenty-four  consecutive  hours 
has  been  kept.  Less  than  a  week's  record  is  unsatisfactory,  and  it  is  best  that  a  record  should  cover 
,  as  many  seasons  of  the  year  as  possible.    Additional  forms  will  be  supplied  on  application. 


1 

Loaded  one-horse  wagon 

1 

1 

1 

2 

Unloaded  one-horse  wagon 

1 

3 

Loaded  two-horse  wagon 

t 

4 

Unloaded  two-horse  wagon 

! 

1    ■ 

ft 

Loaded  f onr-horse  wagon 

1 



1 

6 

Unloaded  four-horse  wagon 

t 

■ 

1 

7 

One-hene  pleasure  vehicle 

■ 

1 

,        1 

8 

Two-horse  pleasure  vehicle 

1 
1 

9 

Rubber-tired  vehicle 

1 

....'....L.. ...J... 

10 

Unharnessed  horse  or  shod  ox 

1 

1 

1 

'  1  - 

11 

Excessively  heavy  vehlclea 

1 

, 

1 

1? 

Year 

i        1        ' 

18 

Day 

1 

1 

1    ! 

14 

Month. 

a  11  is  intended  for  very  heavy  vehicles  such  as  carry  ore,  stone,  brick,  timber,  etc. 

TraflSc  on  road  in  State  of ,  county ,  town . 

Name  of  road,  or  between  what  tw^o  points  was  record  taken . 
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Bui.  79.  Bureau  of  Chemistry.  U.  S.  Dept.  Ag^r. 


PLATE  I. 


Fig.  1.— Basalt  ^Trap). 


FiQ.  2.— Diabase  (Trap). 
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Oul.  79.  Bureau  of  Chemistry,  U.  S.  Dept  Agr.  PLATE  II. 


FiQ.  1.— Gabbro. 


Fig.  2.— Diorite. 
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Bui.  79.  Bureau  of  Chemistry,  U.  S.  Dept.  Agr.  PLATE  III. 


Fig.  1.— Gneiss. 


Fig.  2.— Mica-Schist. 
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Bui.  79.  Bureau  of  Chemistry,  U.  S.  Dept.  Agr.  PLATE  IV. 


FlQ.    1 .— QUARTZITE. 


Fig.  2.— Limestone. 
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Bui.  79.  Bureau  of  Chemistry,  U.  S.  Dept.  Agr.  PLATE  V 


FiQ.  1.— Granite. 


FlQ.  2.-SYENITE. 
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U.  S.  DEPARTMENT   OF  AGRICULTURE, 
BDREAD  OF  CHEMISTRY— BULLETIN  NO.  80., 

H.  W.  WILEY,  Chief  of  Bureau. 


ADULTERATED  DRUGS  AND  CHEMICALS. 


I.  Inferior  Dmgrs  and  Insidions  Methods  of  Deception. 
II.  Rose  Ueraniam  Oil  and  Its  Substitutes. 
III.  Phenacetin:  Methods  of  Analysis  and  Comniercial  Status. 


By  LYMAN   F.  KEBLER, 

Chief  of  Druij  Laboratory, 


WASHINGTON: 

GOVERNMENT  PKINTING  OFFICE. 

1904. 
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LET1T:R  op  TRANSMriTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Wai<hin(it<m^  D.  C,^  Nfwemher  6,  190S, 
Sir:  I  have  the  honor  to  transmit  for  your  inspection  and  approval 
a  manuscript  reporting  the  results  of   investigations  relative  to  the 
adulteration  of  certain  drugs  and  chemicals.      These  investigations 
were  carried  on  chiefly  in  the  drug  laborator}^  of  this  Bureau,  although 
some  of  the  work  described  was  done  by  Mr.  Kebler  before  taking 
charge  of  that  laboratory.      I  recommend  that  this  manuscript  be 
published  as  Bulletin  No.  80  of  this  Bureau. 
Respectfully, 

11.  W.  Wiley,  Chief. 
Hon.  James  Wilson, 

Seci^etary  of  AgricuLture, 
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INTRODUCTION. 


The  first  two  articles  of  this  bulletin  set  forth  the  coDditions  that 
prevail  not  only  in  relation  to  individuals,  but  also  in  some  of  the  best- 
regulated  laboratories.  There  is  a  continual  cry  for  cheaper  drugs, 
and  in  the  effort  to  meet  this  demand  and  at  the  same  time  make  a 
profit  adulteration  has  spread.  The  members  of  the  phaimaceutical 
profession  of  high  standing,  however,  are  anxious  to  remove  from  the 
trade  any  odium  due  to  adulteration  which  at  present  exists. 

The  third  paper  deals  with  the  patented  medicinal  remedy  phenacetin, 
which  according  to  reports  has  been  largely  adulterated  in  this  country 
and  many  substitutes  offered  therefor.  This  subject  was  studied 
because  of  the  great  interest  that  exists  concerning  it  in  both  the 
medical  and  the  pharmaceutical  world,  many  druggists  and  physicians 
being  directly  involved  in  the  controversy.  The  fact  that  phenacetin 
is  sold  for  15  cents  an  ounce  in  Canada,  while  $1  or  more  is  charged 
for  the  same  amount  in  the  ITnited  States,  creates  an  impression,  cor- 
rect or  incorrect,  of  injustice.  The  conditions  set  forth  concerning 
phenacetin  are,  moreover,  t^^pical  of  those  affecting  a  large  number  of 
patented  medicinal  remedies.  Furthermore,  the  attempts  that  have 
been  made  to  secure  such  changes  in  the  patent  laws  as  would  elimi- 
nate these  disturbing  factors  have  not  been  successful.  It  is  hoped 
that  the  contents  of  this  paper  will  place  the  whole  situation  before 
the  public  in  a  just  and  impartial  manner. 

H.  W.  Wiley, 

Chief  of  Jitiredu. 
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ADULTERATED  DRUCS  AND  CHEMICALS. 


L— INFERIOR   DRUGS   AND   INSIDIOUS   METHODS   OF 

DECEPTION. 

IKTRODUCTION. 

The  adulteration  of  medicinal  remedies  is  brought  to  our  attention 
from  time  to  time,  and  it  will  probabh^  not  be  denied  by  many  that 
the  basic  facts  as  given  to  the  public  are,  in  the  main,  correct;  but 
frequently  the  worst  possible  interpretation  is  given  them.  There  are, 
undoubtedly,  members  of  the  pharmaceutical  profession  whose  sense 
of  honor  is  so  distorted  hy  rapacity  and  greed  that  they  unconsciously, 
if  not  deliberately,  drift  into  mendaciousness.  These  are  the  men 
who  usually  bring  tlie  craft  into  ill  repute.  Some  of  the  excuses 
given  by  these  dealers,  when  infonned  concerning  the  shortcomings 
of  their  goods,  are  both  interesting  and  insti'uctive.  For  example, 
they  contend  that  it  would  not  be  safe  to  supply  their  customers  with 
laudanum  of  full  pharmacopcjeial  strength,  having  in  former  days  used 
a  weaker  preparation.  Then  again,  some  articles  must  be  modified  to 
suit  the  tastes  of  the  public,  for  example,  b}^  imparting  a  certain  color 
to  a  given  preparation.  Most  of  tiiese  excuses  must  be  taken  cum 
grano  salis^  but  there  are  undoubtedly  adulterations  of  long  standing, 
such  as  "limed  nutmegs,"  "bleached  ginger,"  etc.,  that  should  be 
leniently  dealt  with  at  present,  for  it  is  well  known  that  according  to 
certain  ancient  methods  of  curing  still  practiced  the  kernels  of  nut- 
megs and  the  rhizomes  of  ginger  are  treated  with  lime  to  ward  off  the 
ravages  of  insects.  Every  possible  effort  should  be  made  to  have 
goods  of  this  charact*»r  labeled  so  as  not  to  mislead  the  consumer.  The 
great  difficulty  in  making  an}^  concession  whatever  is  that  it  might  be 
construed  as  excusing  the  dealer's  actions  and  thus  embolden  him  in 
his  insidious  sophistry. 

When  the  physician  is  called  to  guide  a  patient  through  an  illness 
his  therapeutic  knowledge  is  generally  called  into  play,  and  he  pre- 
scribes for  the  sufferer  on  the  basis  of  pure  drugs.  If  he  is  deceived 
in  the  quality  of  the  agents  delivered  and  administered,  abnormal 
symptoms  may  arise  for  which  the  doctor  is  unable  to  account,  and 
consequently  he  is  placed  in  a  very  embarrassing  position.  As  can 
readily  be  seen,  most  disastrous  results  may   ensue,  for  wliich  the 
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8  ADULTERATED   DRUGS    AND   CHEMICALS. 

apothecary  is  responsible.  Many  a  physician  realizes  the  gravity  of 
the  situation,  and  in  self-defense  and  for  the  welfare  of  his  patients 
he  prescribes  certain  brands  of  recognized  purity  or  carries  and  pre- 
scribes his  own  remedies,  made  for  him  by  reputable  firms,  rather  than 
trust  the  local  druggist  with  the  filling  of  his  prescriptions. 

The  joint  committee  of  the  American  Medical  Association  and  the 
American  Pharmaceutical  Association,  appointed  to  consider  the  feas- 
ibility of  establishing  a  national  bureau  of  medicines  and  foods,  in  its 
report  to  the  latter  body  recommended  the  adoption  of  the  following 
preamble  and  resolutions: 

Whereas  the  foods  and  medicines  supplied  in  the  United  States  do  not  so  uniformly 
agree  with  proper  standards  of  purity,  quality,  and  strength  as  they  should;  and 

Whereas  a  degree  of  distrust  and  want  of  confidence  concerning  the  quality  of 
such  foods  and  medicines  prevails  to  a  discouraging  extent:  Therefore  it  is 

Resolvedy  That  a  more  perfectly  organized  system  for  remedying  the  ahove-men- 
tioned  conditions  than  that  now  existing  should  be  devised  and  put  into  operation; 
and 

Resolved  J  That  the  American  Pharmaceutical  Association  and  the  American  Medical 
Association,  acting  in  harmony  with  the  United  States  Government  authorities,  con- 
stitute the  most  competent  and  trustworthy  means  for  obtaining  the  object  named. 

Only  two  of  the  resolutions  are  quoted,  but  they  serve  to  show  in  a 
concise  manner  the  present  condition  of  affairs. 

During  recent  years  Federal  and  State  authorities  have  enacted  laws 
which  if  properly  amplified  and  conscientiously  and  intelligently 
enforced  will  in  due  time  minimize  the  adulteration  of  medicinal  agents 
and  improve  the  quality  of  chemicals.  These  statutes  generally  recog- 
nize that  there  are  numerous  methods  by  which  the  quality  of  a  com- 
modity may  be  impaired.  The  object  of  this  paper  is  to  discuss  some 
of  these  methods,  cite  examples  taken  from  actual  practice,  and  call 
the  attention  of  the  pharmaceutical  and  chemical  world  to  the  various 
forms  of  adulteration,  which  may  be  subdivided  as  follows:  (1)  Con- 
ventional, to  suit  the  tastes  and  demands  of  the  public;  (2)  accidental 
or  incidental,  arising  from  environment,  carelessness,  or  incompetence 
on  the  part  of  the  producer  or  manufacturer  or  his  agents;  (3)  arbi- 
trary, to  comply  with  or  take  advantage  of  certain  fixed,  arbitrary 
standards;  and  (4)  intentional,  for  gainful  purposes  and  competition. 

COHrVENTIOirAL  ADULTE&ATIOirS. 

Conventional  adulterations,  such  as  silvered  cochineal,  bleached 
ginger,  and  the  artificial  coloring  of  many  products,  have  been  brought 
about  in  various  ways.  The  original  object  ip  many  cases  undoubtedly 
was  to  trade  on  the  credulity  of  the  public,  for  it  is  a  well-known  fact 
that  an  attractive  physical  appearance  is  a  great  factor  in  the  sale  of 
goods,  and  color  usually  carries  with  it  an  idea  of  strength  and  quality. 
Such  a  firm  footing  have  these  factors  secured  that  in  some  cases  the 
adulterated  article  is  selected  rather  than  the  pure.     To  illustrate,  a 
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few  years  ago,  while  exhibiting  a  sample  each  of  pure  and  weighted 
cochineal,  a  recent  graduate  of  one  of  our  well-known  colleges,  after 
looking  them  over  thoroughly,  selected  the  adulterated  article  as  the 
genuine  product.  When  informed  of  his  error,  somewhat  chagrined 
at  his  mistake,  he  said,  *'It  is  the  only  kind  I  have  ever  seen  and  of 
course  I  thought  it  was  the  pure  article."  From  this  and  similar 
experiences  it  would  seem  that  some  of  our  educational  institutions 
are  not  exercising  as  much  care  as  they  might  in  the  selection  of  their 
material  for  instruction  purposes. 

The  artificial  coloring  of  preparations  is  the  most  widespread  of 
conventional  adulterations.  These  pages  will  probably  not  come 
under  the  eyes  of  a  single  reader  who  is  unable  to  enumerate  a  score 
of  such  products.  To  suggest  a  multitude  of  these  goods  it  is  only 
necessar}^  to  enumerate  elixirs,  tinctures,  sirups,  essences,  pills,  and 
tablets.  As*  long  as  the  harmless  vegetable  colors  were  used  little 
cause  for  anxiety  existed,  but  of  late  the  danger  line  has  been  passed 
by  the  extensive  use  of  aniline  dyes.  The  finding  of  harmful  coloring 
agents  in  food  product  is  a  matter  of  common  repute,  and  medicines 
are  not  exempt.  It  would  probably  not  be  desirable  to  inteixiict  the 
use  of  harmless  coloring  agents,  but  their  use  should  be  discouraged. 
In  cases  where  it  is  clearly  evident  that  fraud  is  concealed  by  coloring 
agents,  as  in  the  preparation  of  vanilla  extract  from  the  chemical 
vanillin,  dissolved  in  a  suitable  menstruum  and  colored  with  caramel, 
a  suitable  punishment  should  be  provided. 

It  is  quite  possible  that  an  attractively  colored  preparation  is  more 
palatable  than  one  that  is  not  colored,  but  the  nature  of  the  coloring 
agent  should,  in  such  case,  be  plainly  set  forth  on  the  label,  unless  it  is 
part  of  a  formula  contained  in  some  recognized  authority  like  the 
Pharmacopoeia  or  the  National  Formulary. 

BLEACHED  GINGER. 

The  bleaching  of  ginger  by  covering  the  fingers  with  some  white  sub- 
stance, like  calcium  carbonate,  is  frequently  done  to  cater  to  the  fancy 
of  certain  customers.  It  also  seems  to  be  incidental  to  certain  proc- 
esses of  curing.  In  some  cases,  however,  the  prime  motive  is  to 
conceal  inferiority.  The  amount  of  coating  added  usually  does  not 
exceed  5  per  cent,  but  the  increase  in  price  is  about  15  per  cent.  In 
bleaching  ginger  considerable  care  must  be  exercised  in  the  selection 
of  the  fingers,  or  the  shrinkage  due  to  loss  of  moisture  will  be  equal 
to  the  amount  of  weighting  material  added.  At  all  events  the  pur- 
chaser of  bleached  ginger  pays  more  money  and  gets  less  ginger  than 
if  he  purchased  the  unbleached  variety. 
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COCHINEAL. 


Availability  of  the  Purk  Productt. 


It  seems  that  the  cochineal  industry  is  grossly  involved  in  adultera- 
tion, and,  according  to  some  dealers,  irretrievably  lost  to  this  practice. 
They  contend  that  it  is  almost  impossible  to  purchase  a  pure  article  on 
the  open  market,  but  an  investigation  shows  that  this  contention  is  not 
well  founded.  In  fact,  the  pure  product  is  so  easily  secured  that  adul- 
terated cochineal  would  be  placed  under  the  fraudulent  foim  of 
adulteration  if  it  were  not  well  known  that  the  consumer  virtually 
knows  only  the  silvered  or  commonly  adulterated  variety.  The  object 
of  the  work  done  on  cochineal  was  to  ascertain,  not  the  extent  of  the 
adulteration,  but  how  difficult  it  is  to  obtain  the  pure  article.  It  was 
soon  found  that  pure  cochineal  was  readily  available  when  demanded. 
A  number  of  samples  examined  gave  the  following  results: 


Analyf<eg  of  cochineal. 

Source. 

Kind. 

Ash. 

Adulterant. 

Moi.s- 
turent 

la-jo  r. 

Pcrct. 
6.7 
6.26 

7.00 

6.15 
6.38 
7.73 

Coloring  matter. 

Price 

per 

pound. 

Serial 
No. 

Cx)lori- 
metric. 

64 
50 

100 

100 
92 
100 

1  per  cent 
••solution  of 
KaFeCyc. 

cc. 
1.2 
1.0 

1.8 

2.0 
1.8 
1.9 

3 

Silver  .... 

Perct. 
30.81 

Talcuta 

80.40 

166.... 
157 

£imer  &  Amend 

Smith.  Kline  & 
French  Co. 

do 

do 

Eimer  <Sc  Amend  — 

Powdered      17. 25 
Black  ....       4.94 
Powdered  i     6.  oo 

Earthy    mat- 
ter. 
None 

.45 
.45 

168 

do. 

.50 

169.  . 

Silver  .... 
Black  .... 

3.01 

4.71 

....do 

.40 

165.... 

....do.. 

Nos.  3  and  156  represent  goods  delivered  to  the  Bureau  of  Chem- 
istry without  specification.  No.  159  was  sent  with  the  belief  that  it 
was  adulterated.  Nos.  157, 158,  and  105  were  delivered  as  pure  goods, 
and  an  examination  proved  such  to  be  the  case.  On  account  of  the 
high  price,  the  variable  quality,  and  the  customary  adulteration  of 
cochineal,  suitable  methods  for  readily  determining  its  quality  are  very 
desimble. 

Methods  ok  Analysis. 

The  per  cent  of  ash  is  a  fair  index  in  determining  the  purity  of  cochi- 
neal, but  this  factor  can  easily  be  circumvented  by  the  addition  of 
starch,  mixing  exhausted  material  with  the  pure  article,  or  molding 
paste  into  small  grains  to  resemble  closely  the  outlines  of  the  insects 
themselves.  The  ash  of  normal  cochineal  should  never  exceed  6  per 
cent. 

The  most  reliable  procedure  to  determine  the  quality  of  cochineal 
is  to  estimate  the  amount  of  carmine  either  colorimetrically  or  by  one 
of  the  oxidation  methods.     J.  LOwenthars^  well-known  method  for 
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the  determination  of  tannin  can  be  employed  to  advantage  only  when 
considerable  work  of  this  character  is  done.  F.  Penny's'*  process 
appears  to  have  many  advoc^ites.  The  basis  of  this  method  is  the 
oxidation  of  the  coloring  material  in  an  alkaline  solution  by  means  of 
a  1  per  cent  solution  of  potassium  ferricyanid.  It  is  executed  by 
digesting  together,  on  a  water  bath,  for  one  hour,  1  gram  of  powdered 
cochineal  and  5  grams  of  caustic  potash,  dissolved  in  20  c^  of  distilled 
water.  Avoid  dissipation  of  the  water,  dilute  the  resulting  mixture 
to  100  cc,  and  titrate  an  aliquot  part  by  means  of  the  potassium  fer-v 
ricyanid  solution.  The  carmine  red  color  is  changed  to  a  brow^nish 
yellow.  The  transition  of  color  is  indistinct  and  the  exact  end  reac- 
tion is  difficult  to  determine.  In  this  work  20  cc  of  cochineal  solution 
were  used  for  each  titration. 

Except  in  cases  where  cochineal  is  to  be  used  for  special  purposes,  a 
simple  colorimetric  method  gives  satisfactory  results.  For  this  pur- 
pose the  following  process  is  suggested: 

Digest  on  the  water  bath  for  one  hour,  1  gram  of  powdered  cochi- 
neal and  1  gram  of  potassimn  hydroxid,  dissolved  in  20  cc  of  water; 
replenish  the  water  as  it  evaporates  and  make  the  mixture  up  to  100  ccf 
with  distilled  water.  Dilute  10  cc  of  this  solution  to  400  cc.  The 
color  thus  obtained,  from  a  cochineal  of  known  purity,  is  taken  as  the 
basis  and  called  100.  If  pure  cochineal  always  possessed  the  same 
tinctorial  value  and  were  a  well-known  commercial  article,  the  color 
obtained  by  the  above  procedure  could  be  utilized  as  a  standard.  A 
readily  available  uniform  standard  is,  however,  found  in  a  properly 
diluted  aqueous  solution  of  potassium  permanganate.  It  has  been 
found  that  by  diluting  12.5  cc  of  a  centinormal  potassium  permanga- 
nate solution  (0.816  gram  of  pure  potassium  permanganate  dissolved  in 
1  liter  of  distilled  water)  to  100  cc,  a  tint  of  color  is  obtained,  when 
observed  in  a  Nessler  tube  held  at  a  right  angle  to  the  eye  of  the  worker, 
which  is  identical  to  that  prepared  from  pure  cochineal  by  the  proc- 
ess described  above.  By  adopting  this  potassium  permanganate  solu- 
tion as  a  standard,  and  calling  it  100,  the  tinctorial  value  of  every 
sample  of  cochineal  can  be  ascertained  and  definitely  expressed.  If  a 
sample  of  cochineal  should  be  found  in  the  future  possessing  a  higher 
coloring  equivalent  than  any  met  in  this  work,  the  standard  of  com- 
parison would  not  need  to  be  changed,  but  could  be  expressed  by  110, 
125',  etc.,  as  the  case  may  be. 

According  to  the  above  method,  Nos.  157, 158,  and  165  are  of  good  and 
equal  quality.  No.  159  is  of  fair  quality,  and  Nos.  3  and  156  are  decid- 
edly inferior,  having  only  about  one-half  and  two- thirds,  respectively, 
the  coloring  value  of  a  normal  cochineal.  A  microscopic  examination 
of  No.  159  indicates  that  the  silvering  is  due  to  rod-shaped  bodies, 
like  bacilli,  but  the  usual  bacterial  stains  would  not  effect  them.     It 

«Rept.  Brit.  Assoc.  Advanc.  Science,  1855,  pt.  2,  p.  68. 
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is  quite  possible  that  the  whitish  appearance  is  due  to  a  dried  residue 
of  cryptogamic  plant  growth.  It  is  interesting  to  note  that  the  results 
obtained  by  the  potassium  ferricyanid  process  run  nearly  parallel  with 
the  colorimetric  data. 

The  physical  appearance  of  these  conventionally  adulterated  articles 

has  secured  such  a  firm  footing  in  the  public  mind  that  it  is  almost 

impossible  to  replace  them  by  pure  goods.     To  eradicate  these  deeply 

inculcated  erroneous  ideas  will  require  years  of  patient  effoii;  by  way 

•  of  both  exposure  and  education. 

ACCIBElfTAL  A%)TJLTEEATI0H8. 

Accidental  adulterations  are  very  widespread,  and  it  is  frequently 
diflScult  to  say  where  this  form  of  adulteration  ends  and  the  fraudulent 
begins.  Crude  drugs  usually  contain  admixtures  of  twigs,  stems, 
dirt,  foreign  leaves,  and  a  host  of  other  bodies.  The  Pharmacopoeia 
does  not  make  any  allowance  for  contaminations  of  this  kind,  but 
dealers  contend  that  such  hypothetical  requirements  are  purely  aca- 
demical and  have  no  place  in  the  commercial  world.  The  argument  is 
also  advanced  that  certain  drugs  are  collected  by  ignorant,  semi-civil- 
ized people  who  can  not  be  expected  to  eliminate  impurities  of  this 
character.  Excuses  of  this  nature  do  not  in  any  way  relieve  dealers 
and  manufacturers  from  their  responsibilities  to  the  public.  It  is 
plainly  their  duty  to  handle  and  use  onlj'-  goods  of  the  proper  quality. 
To  what  extent  some  of  these  foreign  articles  modify  the  primary 
action  of  a  drug  can  not  be  conjectured. 

A  certain  few  of  the  large  drug  houses  of  this  country  are  elimi- 
nating these  impurities  by  garbling.  When  it  is  remembered  that  the 
foreign  material  frequently  amounts  to  20  per  cent  or  more  it  is  quite 
evident  that  the  cost  of  garbled  goods  is  materially  increased  and 
that  dealers  in  clean  drugs  are  distinctly  handicapped  when  brought 
into  competition  with  those  who  handle  inferior  grades.  It  would 
probably  be-unjust  to  request  a  complete  absence  of  foreign  material, 
but  a  maximum  limit  could  readily  be  fixed.  A  concerted  eflFort  should 
be  made  by  all  large  manufacturers  to  establish  a  uniform  high  stand- 
ard for  all  drugs  used  by  them  either  in  the  making  of  finished  medic- 
inal remedies  or  for  powdering.  All  purchases  should  be  made  on  the 
basis  of  an  adopted  standard,  paying  only  for  the  actual  amount  of 
good  material  in  a  consignment. 

By  a  recent  act  of  Congress  the  Secretary  of  Agriculture  is  author- 
ized to  investigate  the  quality  of  drugs  imported  into  this  country. 
The  drug  laboratory  has  already  taken  steps  toward  the  securing  of 
samples,  which  will  be  carefully  investigated,  in  cooperation  with  the 
Bureau  of  Plant  Industry. 

It  would  probably  be  too  exacting  to  require  a  root  to  be  freed  from 
all  extraneous  matter,  but  an  upper  limit  of  ash  should  certainly  be 
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fixed.  Some  time  ago  a  sample  of  golden  seal  root  was  received 
which  was  intended  for  powdering;  it  contained  23.8  per  cent  of  ash 
and  2.02  per  cent  of  hydrastine  alkaloid,  based  on  the  air-dried  mate- 
rial. A  normal  root  should  not  contain  more  than  10  per  cent  of  ash 
and  not  less  than  2.5  per  cent  of  hydrastine  alkaloid.  With  golden 
seal  at  60  cents  per  pound  this  dirt  is  a  profitable  addition  for  someone. 
Certain  leaves  almost  always  contain  a  considerable  amount  of  for- 
eign matter.  Chimaphilla  leaves  have  been  seen  which  were  mixed 
with  25  per  cent  of  stems.  A  sample  of  jaborandi  leaves  recently 
examined  contained  not  less  than  16  per  cent  of  twigs  and  stems.  A 
coca  leaf  sample  on  assay  indicated  0.52  per  cent  of  cocaine  alkaloid, 
but  the  leaf  was  mixed  with  at  least  18  per  cent  of  foreign  material. 
No  valid  excuse  exists  for  this  evil.  Coca  leaves  containing  as  little  as 
8  per  cent  of  foreign  matter  are  readily  available.  A  sample  of  cubeb 
berries  on  examination  gave  the  following  results:  Stems,  15  per  cent; 
worthless  berries,  11  per  cent;  oil,  6.38  per  cent.  The  physical 
appearance  of  the  oil  was  good,  its  si)ecific  gravit\'  0.9384,  and  optical 
rotation  —34.6^.  The  gravity  is  a  little  high  but  can  hardly  be  con- 
sidered abnormal.  Good  berries  should  yield  not  less  than  12  per 
cent  of  oil. 

DETERIORATED    DRUGS. 

The  sample  of  cubeb  berries  referred  to  serves  as  an  excellent 
example  of  transition  between  drugs  containing  foreign  admixtures 
and  those  that  have  deteriorated  by  age  or  manner  of  keeping.  To 
what  extent  these  cheap,  inferior,  and  in  some  cases  worthless  goods 
are  used  it  is  difficult  to  ascertain,  but  from  information  vouchsafed 
by  brokers,  drug  millers,  and  manufacturers,  this  practice  obtains  to 
a  considerable  extent  all  about  us.  Deteriorations  are  incidental  to 
the  drug  business,  but  the  use  of  such  goods,  knowingly,  in  the  man- 
ner indicated,  is  fraudulent,  and  what  makes  this  practice  so  extremely 
reprehensible  is  the  fact  that  it  is  very  difficult,  if  not  impossible,  to 
detect  inferior  material  of  this  character  when  powdered  with  goods 
of  prime  quality. 

Articles  particularly  susceptible  to  change  due  to  time  are  those  con- 
taining essential  oils,  such  as  cinnamon  bark,  clove  buds,  lavender 
flowers,  peppermint  herb,  sandal-wood  chips,  etc.  A  hundred-pound 
package  of  cinnamon-bark  chips  when  submitted  to  distillation  yielded 
only  enough  oil  to  impart  a  distinct  flavor  of  cinnamon  to  5  gallons  of 
the  aqueous  distillate.  Potent  drugs  with  only  a  trace  of  alkaloids, 
due  to  old  age,  improper  collection,  or  damage  in  transportation,  are 
frequently  used.  Old  jaborandi  leaves  deficient  in  alkaloidal  strength 
are  met  with  at  times.  Belladonna  leaves  improperly  collected  are 
not  uncommon,  and  damaged  coca  leaves  are  occasionally  placed  on 
the  market. 
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No  less  an  authority  than  E.  W.  Morley  during  an  interview  said: 
'*lt  is  virtually  impossible  to  make  a  chemical  absolutely  100  per  cent 
pure."  From  this  it  would  seem  that  we  must  expect  to  find  a  small 
amount  of  foreign  material  in  all  chemicals.  Experience  shows  such 
to  be  the  case.  These  impurities  are  usually  incidental  to  the  process 
of  manufacture,  but  when  the  amounts  are  excessive  it  must  be  ascribed 
to  either  carelessness,  ignorance,  or  a  desire  on  the  part  of  the  manu- 
facturer to  prepare  a  cheaper  article  at  the  expense  of  purity. 

Chemical  reagents  are  usually  supplied  as  being  chemically  pure, 
'*C.  P."  This  designation  was  formerly  supposed  to  mean,  as  it  now 
should,  a  chemical  of  a  high  degree  of  purity.  Whether  tliis  quality 
of  chemicals  was  ever  of  a  higher  degree  of  purity  than  at  present  is 
difficult  to  ascertain.  Occasionally  we  find  a  note  in  chemical  litera- 
ture to  the  effect  that  certain  chemicals  represented  as  free  from 
impurities  contained  appreciable  quantities  of  foreign  matter.  For 
example,  Classen  calls  attention  to  two  samples  of  "chemically  pure" 
bismuth,  sold  for  "scientific  purposes,"  one  of  which  contained  2  per 
cent  of  lead  and  the  other  1.5  per  cent  of  copper  and  0.5  per  cent  of 
iron.  Every  sample  of  bismuth  ever  examined  by  the  writer  con- 
tained traces  of  arsenic  and  iron.  Notwithstanding  the  fact  that 
great  improvements  have  been  made  in  the  manufacture  of  chemicals 
within  recent  years,  the  stage  has  not  yet  been  reached  in  which . 
chemicals  are  absolutely  free  from  all  impurities.  It  is  true  some  of 
them  will  indicate  a  purity  of  100  per  cent,  but  this  is  usually  due 
to  the  impurities  in  one  chemical  offsetting  those  in  another,  or  to 
limitations  of  analytical  methods.  For  example,  recently  a  purchase 
of  high-grade  potassium  pennanganate  was  tested  and  found  to  ana- 
lyze 100  per  cent  pure,  and  yet  the  chemical  contained  traces  of 
nitrates  and  chlorids.  The  oxalic  acid  solution  was  prepared  from 
oxalic  acid  that  had  been  recry stall ized  in  the  laboratory  with  every 
possible  precaution,  and  a  careful  examination  showed  that  it  was  free 
from  all  impurities  ascertainable  by  chemical  analysis.  Furthermore, 
the  normal  solution  of  oxalic  acid  was  tested  as  to  strength  by  the 
best  methods  and  found  to-be  correct. 

The  designation  "C.  P."  as  used  at  present  is  not  only  meaningless 
and  worthless,  but  misleading  in  the  extreme.  Chemicals  of  the 
poorest  character  are  marked  "C.  P."  Manufacturers  use  the  term 
carelessly,  and  dealers  will  attach  it  to  any  article  of  a  chemical  nature 
that  they  think  will  thus  be  made  more  attractive.  Such  dealings  are 
an  imposition  on  the  consumer  and  unfair  to  honest  competitors. 
Some  time  ago  an  examination  was  made  of  sodium  carbonate  crystals, 
C.  P.,  delivered  on  a  competitive  bid,  which  were  found  to  be  about 
equal  in  quality  to  conmiercial  English  sal  soda.     Circumstantial  evi- 
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dence  pointed  strongly  to  the  conclusion  that  this  dealer  had  simply 
marked  the  English  brand  with  the  clavssical  abbreviation  ''C.  P."  and 
delivercxl  it  as  such.  Again,  the  writer  has  known  of  carloads  of 
C.  P.  glycerin,  shipped  in  iron  drums,  that  contained  a  sediment 
consisting  of  iron  scales,  fibrous  material,  and  other  debris.  These 
goods  were  also  delivered  on  contract,  awarded  on  sample  submitted 
and  competitive  bid.  If  these  consignments  had  not  been  examined 
on  delivery  they  would  have  been  accepted  without  (luestion,  but  after 
their  true  nature  became  known  they  were  promptly  rejected.  Honest 
dealers  handling  goods  of  prime  quality  can  not  successfully  compete 
with  articles  of  this  character  unless  each  consignment  is  examined. 

A  few  more  (*ases  will  be  sufficient  to  show  the  quality  of  some  of 
the  C.  P.  chemicals  frequently  delivered.  C.  P.  glycerin  often  con- 
tains arsenic  and  certain  bodies  that  reduce  an  alkaline  copper  solution, 
and  invariably  contains  volatile  fatty  acids.  One  sample  of  potassium 
iodid,  C.  P.,  was  found  to  be  contaminated  with  sulphates,  iodates, 
and  sodium  compounds.  It  also  contained  1.5  per  cent  of  chlorid, 
and  5  grams  required  3  cc  of  djcinormal  acid  to  neutralize  the  alka- 
linity. A  sample  of  potassium  bisulphate  C.  P.  contained  only  33  per 
cent  of  the  acid  sulphate.  Some  calcium  oxid  C.  P.  was  found  to 
contain  iron,  aluminum,  magnesium,  sulphate,  and  siliceous  matter, 
being  virtually  no  better  than  ordinary  commercial  quicklime.  A 
sample  of  calcium  chlorid  C.  P.  was  found  to  be  contaminated  with 
iron,  aluminum,  and  magnesium,  and  was  highh'  alkaline  to  litmus 
paper.  Such  articles  would  certainly  l)e  objectionable  for  analytical 
work. 

Certain  dealers,  laboring  under  the  delusion  of  hypercritical  stand- 
ards, have  sought  shelter  behind  the  very  elastic  term  ''pure"  and  are 
supplying  the  market  with  chemicals  which  they  think  are  sufficiently 
pure  for  all  pi-ac^tical  purposes.  The  term  ''pure"  conveys  distinctly 
different  meanings  to  the  artisan,  assa3'er,  broker,  chemist,  manufac- 
turer, photographer,  physician,  and  toxicologist.  As  a  rule,  these 
consumers  do  not  call  for  chemicals  free  from  all  conceivable  impurities, 
but  demand  the  absence  of  certain  specified  contaminations  which  are 
detrimental  in  special  work.  The  toxicologist  must  hav^e  his  zinc  free 
from  arsenic,  phosphorus,  antimony,  and  sulphur,  while  traces  of 
coppt^r,  carbon,  or  lead  may  not  be  objectionable. 

There  are  a  number  of  other  terms  used  which  at  present  convey 
ver}'  little  information;  they  are  Purum,  Purissimum,  Purified, 
Twice  Purified,  and  Absolutely  (Chemically  Pure;  and  even  U.  S.  P., 
Br.  P.,  and  Ph.  (Jer.  IV,  are  indifferently  employed.  Within  recent 
years  manufacturers  have  adopted  a  custom  of  marking  some  of  their 
chemically  pure  chemicals  "Free  from  manganese,"  ''Free  from 
sulphm',"  "Free  from  iron,"  "Arsenic  free,"  "Free  from  silver," 
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and  '*  Strictly  chemically  pure,  free  from  N.  and  S."  The  marking  of 
chemicals  as  free  from  certain  impurities  is  certainly  a  step  in  the 
right  direction,  but  the  great  difficulty  is  that  many  of  these  chemicals 
are  free  from  these  impurities  only  on  the  label.  A  recent  consign- 
ment of  copper  sulphate  to  be  used  in  sugar  analysis,  delivered  to  the 
Bureau  of  Chemistry  on  the  specification  that  it  must  be  strictly  free 
from  iron,  was  so  labeled,  but  nevertheless  contained  this  impurity  in 
appreciable  quantities.  A  purchase  of  magnesium  oxid  guaranteed 
to  be  free  from  sulphur  and  so  labeled  contained  over  2  per  cent  of 
sulphur  calculated  as  anhydrous  sodium  sulphate,  and  goods  labeled 
"Chemically  pure  sulphuric  acid,  arsenic  free,"  frequently  contain 
this  impurity. 

In  view  of  the  above  facts  it  is  quite  evident,  first,  that  "C.  P,"  or 
''Chemically  pure,"  with  all  its  qualifying  adjectives,  at  present  means 
nothing,  and  its  fraudulent  use  should  be  prohibited;  second,  that  no 
chemical  should  be  accepted  as  free  from  a  certain  impurity  simply 
because  the  package  is  so  labeled;  and,  third,  that  certain  specific 
standards  for  chemical  reagents  should,  be  established.  Such  reagents 
should  be  free  from  all  undesirable  or  detrimental  contaminations, 
and  this  fact  should  be  set  forth  on  the  label.  It  is  well  known  tliat 
many  original  packages  are  not  marked  at  all  except  by  the  private 
mark  of  the  manufacturer.  A  Federal  law  requiring  that  every 
package  of  chemicals  be  properly  labeled  as  to  name  and  qualitj^  would 
remedy  this  practice.  V.  Coblentz,  in  this  connection,  well  says: 
"The  indiscriminate  labeling  of  chemicals  without  qualification  as  to 
degree  of  purity  should  by  all  means  be  discouraged  as  being  a  loose 
practice  through  which  legal  responsibilities  may  be  evaded." 

ADTJLTEKATI0N8  RESULTING  FKOM  AKBITKAET  8TANBABB8. 

The  argument  is  occasionally  advanced  that  arbitrary  standards  are 
direct  incentives  to  fraudulent  dealings.  Fluid  extract  of  nux  vomica 
prepared  from  a  bean  containing  2.5  per  cent  of  total  alkaloids  is 
diluted,  to  conform  to  a  standard,  so  that  it  contains  only  1.5  per  cent 
of  alkaloids.  Milk  dealers  reduce  milk  containing  5  per  cent  of  fat, 
so  as  to  pass  a  3  per  cent  standard.  The  former  is  considered  right, 
the  latter  reprehensible  to  a  high  degree.  In  reality  the  one  docs  not 
appear  to  be  any  worse  than  the  other. 

The  United  States  Pharmacopoeia  prescribes  an  upper  and  a  lower 
limit  of  morphine  for  powdered  opium,  but  no  provisions  are  made  to 
reduce  an  opium  containing  more  than  15  per  cent  of  morphine,  the 
highest  amount  permissible,  so  as  to  conform  to  the  proper  require- 
ments. It  is  not  uncommon  to  meet  with  powdered  opium  containing 
over  15  per  cent  of  morphine,  and  dealers  are  compelled  in  self-defense 
to  reduce  it  to  the  proper  strength  by  mixing  it  with  opium  of  a  lower 
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grade,  or  to  use  it  in  the  manufacture  of  other  medicinal  remedies 
containing  morphine.  If  the  manufacturer  places  powdered  opium 
on  the  market  containing  more  than  15  per  cent  of  morphine,  he 
becomes  liable  to  punishment,  and  if  he  dilutes  it  to  the  proper 
strength  vdth  a  detectable  diluent  many  State  laws  consider  him  cul- 
pable. In  fixing  standards  of  the  above  type  it  is  desirable  to  provide 
for  contingencies  of  this  character. 

Some  dealers  maintain  that  the  pharmacopoeial  requirements  of  cer- 
tain oils  are  abnonnal  and  that  adulteration  must  be  resorted  to  if  oils 
of  the  desired  quality  are  supplied.  Much  capital  is  made  of  this  in 
certain  quarter's,  by  quoting  such  oils  as  bay,  coriander,  and  pimento, 
*' compounded  to  conform  to  the  requirements  of  U.  S.  P.  1890,"  at 
from  30  to  60  per  cent  below  the  price  asked  for  pure  oils  which  are 
not  expected  to  comply  with  the  pharmacopceial  standards. 

ANALYSES  OF  CERTAIN   OILS  AND   POTASSIUM   CYANIDS. 

The  most  important  factor  in  judging  the  quality  of  oil  of  bay, 
aside  from  its  peculiar  odor,  is  the  specific  gravity,  which  should  lie, 
according  to  the  Pharmacopoeia,  between  0.975  and  0.990,  at  15^  C. 
An  examination  of  ten  samples  of  pure  oil  of  bay,  obtained  directly 
from  the  distillers,  gave  specific  gravities  varying  from  0.958  to 
0.980.  All  but  two  fell  below  the  lower  limit.  Other  recognized 
authorities  allow  a  lower  limit  of  0.965.  Three  of  the  above  samples 
fell  below  this  standard,  being  0.958,  0.9627,  and  0.964,  respectivel3\ 
On  submitting  511  pounds  of  bay  leaves  to  steam  distillation,  12.5 
pounds  of  light  and  heavy  oils  mixed  were  obtained,  which  after  aging 
one  j'^ear  had  a  specific  gravity  of  0.955.  It  would  therefore  seem 
that  the  specific  gravity  of  the  Pharmacopoeia  for  oil  of  bay  is  a  little 
too  high. 

Six  samples  of  coriander-seed  oil  were  examined,  of  which  three 
were  marked  pure,  two  were  distilled  by  the  writer,  and  all  complied 
with  the  U.  S.  P.  requirements.  The  sixth  was  marked  ''German," 
and  proved  to  be  adulterated.  The  pharmacopoeial  standard  is  there- 
fore not  far  from  the  truth. 

Six  samples  of  oil  of  pimento  berries  were  tested.  Their  specific 
gravities  were  as  follows:  1.0494,  1.0510,  1.0280,  1.034,  1.040,  and 
1.035.  In  other  respects  these  oils  complied  with  the  pharmacopoeial 
requirements.  The  first  two  were  labeled,  "Made  to  conform  to  the 
U.  S.  P.  requirements."  The  last  was  distilled  by  the  writer,  and  the 
others  were  secured  from  prominent  distillers  in  this  country  and 
guaranteed  pure.  The  Pharmacopoeia  requires  the  specific  gravity  to 
fall  between  1.045  and  1.055,  but  ''Die  Aetherische  Oele,"  by  Gilde- 
meister  and  Hoffmann,  recognizes  a  specific  gravity  as  low  as  1.024. 
While  the  specific  gravity  is,  to  a  certain  extent,  an  indication  as  to 
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the  aiiiouiit  of  eugeiiol  present,  it  would  not  be  wise,  in  view  of  the 
above  facts,  to  pronounce  an  oil  adulterated  simply  because  it  had  a 
specific  gravity  below  1.045. 

Potassium  cyanid  98  to  100  per  cent  pure  has  assumed  considei-able 
commercial  importance.  In  ordering  this  article  it  is  customary  to 
specifj^  the  per  cent  of  cyanid  only.  For  financial  and  technical 
reasons  potassium  cyanid  is  largely  mixed  with  sodium  cyanid.  There 
can  be  no  real  objection  to  this  pi*actice,  if  the  goods  are  properly 
represented,  but  a  mixture  of  these  two  cyanids  should  not  be  deliv- 
ered for  98  to  100  per  cent  potassium  cyanid.  In  determining  the 
percentage  of  potassium  cyanid  in  a  mixture  of  this  character  the 
results  will  be  above  100  per  cent  in  proportion  to  the  amount  of 
sodium  cyanid  present.  In  order  to  meet  this  difliculty  manufacturers 
add,  or  do  not  remove,  certain  inert  substances,  which  usually  consist 
of  carbonates,  chlorids,  or  mixtures  of  both. 

An  examination  of  four  samples  of  potassium  cyanid,  labeled  98  to 
100  per  cent  pure,  gave  the  following  results: 

AnalyHe.)^  of  98  to  100  per  cent  potassium  cyanid. 


Cyanid 
Sample  No.                (calculated 
1  a.sKCy). 

PotaRsium 
cyanid. 

Per  cnit. 
38.65 
13.62 
31.75 

Sodium 
cyanid. 

PotasRium 
carbonate, 

Qte.  (by 
difference). 

Moisture 
at  125°  C. 

Sodium 
chlorid. 

1 

Percent. 
101 

Percent. 
60.56 
73.65 

Per  cent. 
0.70 
12,82 
12.32 

8.82 

Percent. 
0.82 

PercerU. 
14. 27 

2 

111.19 
105. 87 
95.  %{ 

3.                

4 

65. 90               22. 20 

i.58  .             i.ek 

All  of  the  above  samples  represent  imported  goods.  The  results 
are  self-explanatory.  No  valid  reason  for  the  practice  of  mixing  the 
cyanids  in  the  manner  shown  and  selling  the  mixture  as  potassium 
cyanid  has  thus  far  been  offered  by  manufacturers. 

METHODS   OF   ESTIMATING   0ULORII>S   IN    SOLUBLE   CYANIDS. 

The  present  methods  for  detecting  and  estimating  chlorids  in  the 
soluble  cyanids  are  not  satisfactory.  It  is  usually  stated  that  silver 
cyanid  is  soluble  in  concentrated  nitric  acid,  whereas  silver  chlorid  is 
insoluble,  but  in  practice  it  is  not  safe  to  rely  on  this  test.  The  fusion 
method  is  useful  but  dangerous.  It  consists  in  heating  to  redness  an 
intimate  mixture  of  1  gram  each  of  the  cyanid  and  potassium  nitrate 
and  5  grams  of  potassium  carbonate.  The  carbonate  and  nitrate  must 
be  free  from  chlorids.  In  this  mixture  an  extremely  efficient  oxidiz- 
ing agent  and  one  of  the  best-known  reducing  agents  are  brought 
together.  When  the  mixture  is  fused,  there  is  a  more  or  less  vig- 
orous chemical  rea(»tion,  and  f recjuently  an  explosion  results.  A  more 
expeditious  and  satisfactory  method  would  therefore  l>e  welcome. 

The  gravimetric  method  on  the  next  page  is  based  on  the  fact  that 
cyanids  reduce  permanganates. 
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In  a  250  cc  beaker,  containing  150  cc  of  water,  dissolve  approx- 
imately 1  gram  (accui-ately  weighed)  of  the  cyanid.  Heat  to  boil- 
ing, then  cautiously  add  about  2  grams  of  potassium  permanganate  or 
such  a  quantity  that  the  solution  after  having  been  heated  for  one-half 
hour  on  the  8team  bath  is  still  distinctly  pink.  Destroy  the  excess  of 
potassium  permanganate  with  oxalic  acid,  heat  the  mixture  a  few 
minutes  on  the  water  bath,  and  the  precipitate  will  subside,  leaving  a 
colorless  layer  of  liquid.  Filter  the  solution  hot,  wash  the  precipitate 
on  the  filter  paper  with  200  cc  of  hot  water,  mix  the  filtrates,  render 
distinctly  acid  with  nitric  acid,  and  heat  the  mixture  to  boiling.  In 
this  solution  the  chlorids  are  estimated  in  the  customary  manner. 

Mr.  J.  K.  Haywood,  chief  of  the  insecticide  and  agricultural  w^ater 
laboratory  of  the  Bureau  of  Chemistry,  employs  a  volumetric  method 
with  satisfactory-  results.  It  has  been  caref ull}^  compared  with  the 
above  gravimetric  process  and  found  to  accord  with  it  uniformly. 
The  method  is  as  follows: 

Weigh  accurately  in  a  weighing  bottle  about  10  grams  of  the  sub- 
stance, dissolve  in  water,  and  make  up  accurately  to  1  liter.  In  an 
aliquot  part  of  this  solution  estimate  the  cyanogen  by  titrating  with  a 
decinormal  silver  niti*ate  solution.  The  end  reaction  is  shown  by  the 
appearance  of  a  white  cloudiness  in  the  solution.  Now  add  potassium 
chromate,  as  indicator,  and  titrate  with  the  standard  solution  of  silver 
nitrate  until  the  appearance  of  the  usual  reddish-brown  color  of  silver 
chromate. 

The  reactions  involved  in  the  above  method  are  represented  by  the 
following  equations: 

(1)  AgN08-f2KCN=AgCNKCN+KNO,. 

(2)  AgCNKCN-hAgN0j=2AgCN+KN0,. 

(3)  NaCl+AgN08=AgCH  NaNOj. 

Representing  the  number  of  cubic  centimeters  of  silver  nitrate  solu- 
tion used  in  the  first  titration  by  A  and  the  number  of  cubic  centi- 
meters used  in  the  second  titration  by  B,  then  B— A  equals  the  number 
of  cubic  centimeters  of  decinormal  silver  nitrate  solution  required  to 
combine  with  the  chlorids  present,  while  the  amount  of  cyanogen  can 
be  calculated  from  A,  as  indicated  by  the  first  equation  given. 

INTENTIONAL  ABTJLTEKATIONS. 

With  very  few  exceptions  the  underlying  motive  of  all  intentional 
adulterations  is  monetary  gain.  Some  of  the  sophistications  consid- 
ered above  appear  to  have  some  superficial  excuse  for  existing,  but 
those  here  enumerated  as  intentional  are  deliberately  premeditated 
misrepresentations,  and  should  be  dealt  with  summarily.  In  this 
category  comes  the  potassium  cyanid  reported  above.  Other  instances 
are:  Borax  diluted  with  sodium  bicarbonate;  cornstarch  delivered  when 
St.  Vincent  arrowroot  is  asked  for;  prime  quality  drugs  mixed  with 
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inferior  or  partially  exhausted  goods;  spurious  sandalwood  oil  con- 
taining chloroform  added  to  raise  the  specific  gravity  and  to  increase 
the  apparent  content  of  santalol;  powdered  drugs  in  the  preparation 
of  \yhich  inert  and  deteriorated  products  have  been  used;  beeswax 
with  its  numerous  adulterations;  turpentine  diluted  with  kerosene,  etc. 

A  sample  of  beeswax  recently  examined  was  found  to  contain  33 
per  cent  of  cassava  starch.  This  variety  of  starch  indicated  that  the 
adulteration  was  of  southern  origin.  On  inquiry  it  was  found  that 
about  $800  worth  of  this  fraudulent  material  had  passed  through  the 
New  York  custom-house,  having  been  imported  from  Mexico. 

Another  sample  of  beeswax  on  examination  gave  the  following 
results:  Melting  point,  61.5^  C;  specific  gravity  at  15°  C,  0.959; 
acid  number,  14.2;  ether  number,  73.6.  These  numbers  do  not  mate- 
rially differ  from  those  usually  recognized  as  normal  for  pure  beeswax, 
except  the  acid  number,  which  is  a  little  low.  A  qualitative  exami- 
nation showed  that  this  article  consisted,  for  the  greater  part,  of  a 
high  melting  point  ceresin  and  Japan  wax,  the  mixture  being  probably 
flavored  artificially  to  resemble  the  genuine  product.  New  York  is 
the  home  of  the  apiary  which  produced  this  remarkable  beeswax. 

The  adulteration  of  beeswax  with  starch  is  discouraging,  because  it 
shows  that  the  days  of  gross  sophistication  are  not  past;  but  to  find 
a  scientifically  prepared  mixture  closely  resembling  beeswax  is  most 
deplorable,  because  it  indicates  that  men  of  education  are  using  their 
talents  to  serve  a  dishonest  purpose.  - 

The  drug  laboratory  has  in  its  possession  a  small  amount  of  a 
flavoring  agent,  which  has  been  exploited  as  of  nmch  service  in  beeswax 
adulteration,  but  the  nature  of  its  composition  has  not  as  yet  been 
determined. 

Twenty -five  per  cent  of  all  turpentine,  as  usually  purchased  in  small 
packages,  is  liberally  adulterated  with  kerosene.  The  present  analyti- 
cal methods  do  not  appear  to  be  sufficiently  refined  to  detect  this  adul- 
terant with  certainty  when  present  in  small  quantities.  Investigations 
are  under  way  at  present  which  it  is  hoped  will  remedy  this  defect. 

SIFTINGS  AND   SWEEPINGS. 

In  the  handling  of  drugs  more  or  less  of  the  finer  particles  escape 
from  the  bales,  and  in  the  larger  warehouses  the  practice  has  been 
established  of  collecting  this  material  from  the  floors,  as  occasion 
requires,  and  offering  it  to  the  trade  at  a  low  figure.  The  conditions 
under  which  these  sweepings  and  sif  tings  are  accumulated  and  col- 
lected naturally  lead  to  the  belief  that  they  are  likely  to  be  contami- 
nated to  a  considerable  degree.  Products  of  the  above  character 
commonh'  met  with  are  the  cinchona  barks,  cochineal  dust,  pepper, 
tea,  and  senna  leaves. 


Digitized  by 


Google 


INFERIOR    DRUGS    AND   METHODS    OP    DECEPTION.  21 

Some  of  the  sweepings  and  sittings  are  utilized  in  extracting  certain 
active  principles,  like  caffeine  from  tea  sweepings,  and  certainly 
nothing  could  be  said  against  an  economy  of  this  kind,  but  the  practice 
of  using  articles  of  this  character  in  the  manufacture  of  medicinal 
preparations  should  certainly  be  discountenanced.  Some  manufac 
turers  frankly  admit  that  this  practice  obtains  in  their  works,  but 
maintain  that  these  goods  are  "just  as  good"  as  those  for  which  a 
high  price  is  paid. 

Three  bales  of  calisaya  bark  siftings,  all  containing  foreign  material, 
on  examination  gave  the  following  results:  The  per  cent  of  total  alka- 
loids was  0.47,  3.6,  and  4.7.  The  per  cent  of  ether-soluble  alkaloids 
was  not  determined  in  the  first  bale  recorded,  and  was  1.9  and  2.7, 
respectively,  in  the  last  two.  A  good  calisaya  bark  should  not  contain 
less  than  6  per  cent  of  total  alkaloids  nor  less  than  3.5  per  cent  of 
ether-soluble  alkaloids. 

Every  bale  of  senna  siftings  and  every  bag  of  tea  sweepings  exam- 
ined contained  a  goodly  proportion  of  extraneous  matter.  Broken 
senna  leaves  are  usually  of  good  quality. 

A   COMMON   METHOD  OP  DECEPTION. 

A  very  significant  editorial  appeared  in  the  British  Food  Journal,^ 
from  which  the  following  extract  is  taken: 

The  substitution  of  an  imitation  of  some  kind  for  the  article  actually  asked  for  or 
desired  by  the  purchaser  is  a  particularly  mean  form  of  deception  which  is  practiced 
nowadays  to  an  almost  incredible  extent.  It  is  astonishing  and  mournful  that  so 
many  persons  should  be  concerned  in  the  initiation,  fostering,  and  carrying  on  of  so 
shameful  a  system,  and  that  others  are  found  who  in  speech  and  print  seem  willing 
to  lend  to  it  either  their  countenance  or  condonation. 

Still  more  reprehensible  is  the  practice  of  submitting  a  sample  of 
prime  quality  and  then,  on  rec^eipt  of  an  order,  delivering  goods  of  an 
inferior  grade. 

Some  may  think  that  the  above  method  of  deception  does  not  obtain 
to  any  extent,  but  only  a  superficial  investigation  will  show  that  it 
permeates  many  lines  of  business,  and  those  who  are  responsible  for 
the  quality  of  the  medicinal  remedies  supplied  the  unfortunate  sick 
should  ever  exercise  eternal  vigilance.  The  following  examples, 
which  are  typical  of  this  practice,  should  serve  to  banish  the  remotest 
doubt.  A  sample  of  belladonna  leaves  contained  by  acid  titration 
0.438  per  cent  of  total  alkaloids.  On  receipt  of  the  consignment 
delivered  as  per  sample  submitted,  nine  bales  were  tested  with  the  fol- 
lowing results:  0.12, 0.14, 0.11, 0.10, 0.13, 0.12, 0.13, 0.30, 0.11  per  cent 
of  total  alkaloids.  A  sample  of  potassium  bromid  complied  with 
U.  S.  P.,  1890,  requirements.     The  goods  supplied  were  inferior  in 

a  1903,  vol.  5,  p.  97. 
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every  respect.  A  podophyllin  sample  was  of  U.  S.  P.  quality,  but 
the  article  delivered  contained  much  material  iiisohible  in  alcohol.  A 
linseed-meal  sample  contained  33  per  cent  of  pure  oil.  After  placing 
an  order  on  the  strength  of  the  sample,  two  carloads  were  delivered, 
which,  on  examination,  proved  to  contain  on  the  average  35  per  cent 
of  oil,  having  the  following  properties:  Specific  gravity  at  15^  C, 
0.9055;  acid  number,  6;  saponification  number,  99.7.  The  oil 
extracted  from  the  linseed  meal  was  highly  adulterated  with  mineral 
oil,  which  was  added  to  the  flaxseed  meal  after  a  part  of  the  natural 
oil  had  been  expressed.  A  sample  of  oil  of  wormwood  of  good  qual- 
ity was  submitted,  but  the  goods  delivered  were  adulterated  with 
turpentine.  A  sample  of  tea  sweepings  submitted  contained  2.64  per 
cent  of  caffeine  alkaloid.  A  ton  subsequently  delivered  contained  only 
1.6  per  cent  of  this  alkaloid.  A  sample  of  caramel  possessed  a  color- 
ing equivalent  of  100,  and  gave  good  tests  in  every  respect.  On 
examining  a  delivery  of  about  5,000  pounds  it  wa^  found  to  have  a 
coloring  equivalent  of  only  80,  and  deported  itself  badly  in  every  way. 
These  examples  could  be  largely  extended,  but  the  above  fully  illus- 
trate existing  conditions. 

It  will  be  observed  that  most  of  the  examples  cited  represent  the 
larger  transactions  and  usually  involve  manufacturers  and  producers. 
Many  members  of  the  American  Pharmaceutical  Association  and  the 
National  Wholesale  Druggists'  Association,  and  some  of  the  besc 
informed  manufacturers  and  jobbere,  have  placed  themselves  on  record 
as  conversant  with  these  undesirable  methods  and  anxious  to  prevent 
their  use,  but  they  are  greatly  handicapped  by  competition.  Such 
men  hope  to  see  the  day  when  all  druggists,  retail  or  wholesale,  will 
be  compelled  by  some  competent  authority  to  deal  only  in  high-class 
medicinal  agents. 
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II.— ROSE  GERANIUM  OIL  AND  ITS  SUBSTITUTES. 

In  spite  of  the  great  advance  made  in  the  chemistry  of  essential  oils 
during  the  past  decade,  ample  evidence  can  readily  be  collected  to 
show  that  this  is  as  yet  a  fertile  field  for  the  adulterator.  Many 
kinds  of  manipulatoi*s  are  found,  from  the  tyro  who  endeavors  to 
palm  off  oil  of  French  turpentine  for  oil  of  rue,  and  the  distiller  who 
sprinkles  his  rose  leaves  with  geranium  oil  before  distilling,  to  the 
chemist  who  is  an  abettor  to  the  use  of  acetin  and  glycerin  in  volatile 
oils  for  the  purpose  of  increasing  the  apparent  content  of  ester  and 
alcohol,  respectively. 

By  referring  to  the  various  price  lists  it  will  be  found  that  the  quo- 
tations for  the  geranium  oils  vary  from  $12  per  pound  for  the  Spanish 
to  $2.25  for  the  Turkish  oil;  and  ginger-grass  oil,  which  is  conceded  to 
be  only  another  name  for  an  inferior  Turkish  oil,  sometimes  highly 
adulterated,  is  quoted  at  $1.10  per  poimd.  Certainly  here  seems  to  be 
a  great  opportunity  for  the  clever  manipulator,  and  aside  from  the 
assistance  of  a  well-trained  nasal  organ,  let  us  see  what  are  the  proba- 
bilities of  detecting  such  adulteration. 

Rose  geranium  oil  is  a  colorless,  yellowish,  greenish,  or  brownish 
liquid,  depending  on  the  manner  of  distillation  and  storage,  and  has  a 
pleasant  rose-like  odor.  Its  specific  gravity  varies  from  0.8878  to 
0.9073;  optical  rotation  in  a  100  mm  tube,  —0"^  to  —16^;  ester,  calcu- 
lated as  geranyl  tiglinate,  varies  from  8  to  42  per  cent.  All  varieties 
are  soluble  in  2  to  3  volumes  of  70  per  cent  alcohol,  except  the  Span- 
ish, which  is  rendered  turbid  bj^  the  presence  of  a  small  amount  of 
separated  parafiSn.  The  chief  constituents  are  geraniol  and  citronellol, 
the  total  content  of  which,  both  free  and  combined,  varies  from  60  to  85 
per  cent.     The  former  usually  exists  in  much  the  greater  proportion. 

Turkish  or  Indian  geranium  oil,  also  known  as  palma  rosa,  Indian 
grass  oil,  and  rusa  oil,  usually  closely  resembles  rose  geranium  oil  in 
physical  appearance,  solubilitj',  specific  gravity,  and  percentage  con- 
tent of  alcohols  and  esters.  In  odor  there  is  frequently  a  close  resem- 
blance and  the  optical  roUition  varies  from  +2^  to  —2"^. 

Ginger-grass  oil  is  supposed  to  be  an  inferior  qualitj^  of  palma  rosa, 
and  its  properties,  therefore,  should  very  closelj'  resemble  those  of 
the  latter  oil,  excepting  possibly  its  odor,  unless  it  is  highly  diluted 
with  turpentine  or  mineral  oil,  as  is  frequently  the  case. 

It  can  readily  be  seen  that  a  judicious  mixer  could  combine  oils 
posvsessing  the  properties  described  above  so  as  to  bewilder  a  chemist, 
even  though  he  were  well  versed  in  the  chemistry  of  essential  oils. 
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Jeancard  and  Satie"  have  studied  these  oils  to  some  extent,  and 
think  they  can  distinguish  between  them  by  their  contents.  The  fol- 
lowing table  is  taken  from  their  work: 

Analytical  data  oji  pure  geranium  oils. 


Origin. 


Cannes . 
Spain... 
Corsica . 
Africa.. 
Bourbon 
India... 


I  Rotation  [  o_ ___,.« 
Density  at  150  C.  'S?£g°^fl- 
atl5°C.      InWO    I   ^V°° 


o 

0.8972 

-9.40 

.9073 

-7.30 

.9012 

-8.00 

.9006 

-8.06 

.8905 

-8.20 

.8960 

-  .48 

64.60 
65.80 
60.20 
65.80 
74.00 
43.00 


Esters. 


Percent. 
9.80 
7.84 
7.00 
8.08 
6.65 
11.30 


AlcoholiL 


Percent. 
66.81 
66.23 
68.55 
68.19 
71.28 
84.62 


The  per  cent  of  esters  and  alcohols  is  based  on  the  formulae  Ci^IL^^O^ 
and  CioHjgO,  respectively. 

In  view  of  the  fact  that  the  highest-grade  oils  grow  in  certain  locali- 
ties only  and  bring  fancy  prices,  the  opinion  is  ventured  that  it  would 
not  be  safe  to  deduce  any  general  statement  from  the  above  results, 
except  in  the  case  of  Indian  oil. 

Some  time  ago  the  writer  received  a  number  of  samples  of  geranium 
oils  in  original  packages  bearing  the  labels  of  the  largest  and  best- 
known  essential-oil  dealers  in  the  world,  with  the  request  that  an 
opinion  be  given  as  to  their  purity  and  quality.  On  submitting  the 
samples  to  an  examination  the  results  tabulated  below  were  obtained: 

Analyses  of  geranium  and  allied  oils. 


Kind  of  oil. 


Color. 


African  (1).. 
African  (2)  . . 
African  (3) .. 

African  (4).. 

Algerian  (1) . 
AlRcrian  (2). 


Greenish  yellow 
Lemon  yellow.. 
Orange  yellow . . 

Lemon  yellow.. 

do 

Colorless 


Reunion Lemon  yellow . . . 

Palma  rosa Orange  yellow . . . 

Turkish  (1) Lemon  yellow . . . 

Turkish  (2) do 

Ginger  grass  (1)  .1 do 

Ginger  grass  (2) . I do 

Rhodonol  II. 


I 
(Colorless 


.9142     4.13 

.9154     2.41 

I 

.9213  I  1.50 

I 
.9234  j  3.88 

.87r)8    


Solubility  in  70  per  cent 
alcohol. 


Soluble  in  2  volomes. 
Insoluble  in  10  volumes. 
Do. 

Soluble  in  If  volumes. 

Insoluble  in  10  volumes. 
Soluble  in  24  volumes. 
Soluble  in  2  volumes. 

Do. 
Insoluble  in  10  volumes. 
Soluble  in  2  volumes. 
Insoluble  in  10  volumes. 

Do. 

Soluble   in   2  volumes; 
insoluble  In  more. 


"  Per  cent  of  ester  calculated  ii«  gcranyl  acetate. 

The  acid  number  was  determined  by  dissolving  a  given  weight  of 
the  oil  in  strong  alcohol,  in  which  all  the  oils  were  soluble  in  all  pro- 
portions, and  titrating  with  decinormal  alcoholic  potash,  at  the  ordi- 
nary temperature,  using  phenolphthalein   as  indicator.     The  figures 


«Biil.  Soc.  (Chilli.,  19()0  (8),  28:  37. 
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indicate  the  number  of  milligrams  of  potassium  hydroxid  required 
to  neutralize  the  acidity  of  one  gram  of  oil.  The  esters  were  esti- 
mated by  adding  an  excess  of  alcoholic  potash  to  the  above  solution, 
heating  to  l)oiling  with  a  reflux  condenser  for  about  one  hour,  then 
titrating  back  the  excess  of  alkali  by  means  of  decinormal  acid.  From 
the  amount  of  alkali  consumed  the  necessary  calculations  can  readily 
be  made,  either  as  geranyl  tiglinate  (CioHi^COgC^H^)  or  geranyl 
acetate  (CjoHi^COgCHj),  as  the  case  may  require.  The  percentage  of 
alcohol,  free  or  combined,  was  determined  by  acetylizing  a  given 
weight  of  oil  with  an  equal  amount  of  acejtic  anhydrid,  in  the 
presence  of  fused  sodium  acetate.  The  acetylized  product  was 
purified  by  washing  with  water,  and  rendered  anhydrous  by  means* of 
fused  sodium  sulphate.  A  given  weight  of  the  acetylized  oil  was  then 
saponified,  as  outlined  above  for  determining  esters,  and  from  the  data 
thus  secured  the  desired  calculations  were  made. 

In  computing  the  amount  of  alcohol,  both  free  and  combined,  in 
geranium  oil,  it  must  be  remembered  that  the  chief  ester  of  the  natural 
oil  is  a  tiglinate,  and  on  acetylizing  with  acetic  anhydrid  the  free  alco- 
hols are  converted  into  acetic  esters.  We  therefore  have  a  mixture 
of  esters  on  which  to  base  our  calculations.  The  percentages  of 
alcohols  given  in  the  table  above  were  computed  from  the  mixed  esters. 
The  question  might  arise  a*s  to  whether  anj^  of  the  tiglinic  group  was 
replaced  by  the  acetyl  group,  but  this  inquiry  can  not  be  answered 
here. 

The  first  African  oil,  the  second  Algerian  oil,  and  the  Reunion  oil  are 
normal  in  every  respect.  The  African  oil  No.  2  and  the  Algerian  oil 
No.  1  can  be  considered  normal  except  as  to  solubility,  and  it  is  doubt- 
ful whether  these  oils  can  justly  be  considered  adultemted.  The  third 
African  oil  is  low  in  alcohol  content,  high  in  optical  rotation,  and 
insoluble  in  the  proper  amount  of  70  per  cent  alcohol.  The  fourth 
African  oil  is  a  spurious  product,  which  did  not  respond  affirmatively 
for  a  hydroxyl  group  when  tested  by  means  of  acetyl  chlorid  in  the 
conventional  manner,  thus  indicating  the  absence  of  any  alcohol.  The 
palma  rosaoil  and  the  Turkish  oil  No.  2  are  both  normal  India  products, 
while  the  first  Turkish  oil  is  abnormal.  Both  of  the  ginger-grass  oils 
are  entirely  different  from  anything  described  in  literature.  Judging 
from  the  high  specific  gravities  and  high  optical  rotations,  these  ginger- 
grass  oils  are  not  adulterated  with  either  turpentine  or  niineml  oil. 
The  last  oil  named,  Rhodonol  II,  is  apparently  a  fairl}^  pure  geraniol. 

It  is  clearly  evident  from  the  data  obtained  in  this  investigation  and 
other  work  on  record  that  a  scientific  adulterator  could  readily  mix 
some  of  the  cheaper  geranium  oils  with  the  expensive,  high-grade 
products  without  much  fear  of  detection  by  the  analytical  methods  at 
present  available.  Apparently  the  only  satisfactory  procedure  at  our 
disposal  for  securing  the  proper  quality  of  gemnium  oil  is  the  use  of 
well-trained  olfactories. 
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IIL— PHENACETIN:    METHODS  OF  ANALYSIS  AND  COMMER- 
CIAL STATUS. 

HISTOEICAL  KEYIET^. 

On  reviewing  the  history  of  phenacetin  it  soon  becomes  apparent 
that,  like  many  other  useful  discoveries,  it  was  not  the  achievement 
of  a  single  individual  nor  of  a  certain  time,  but  was  gradually  evolved 
by  the  successive  efforts  of  many  minds,  stimulated  by  the  progress  of 
correlated  branches  of  science.  It  was,  however,  due  to  the  patient 
efforts  of  O.  Hinsberg  and  his  associates  that  the  production  of  this 
article  on  a  conmiercial  scale  was  made  possible  and  its  great  medicinal 
value  became  known  to  the  world. 

The  germ  of  phenacetin  was  sown  by  the  celebrated  French  chem- 
ist, A.  Cahours,  during  the  course  of  a  series  of  valuable  investi- 
gations extending  over  a  number  of  years.  In  1843**  appeared  his 
"Recherches  sur  I'huile  de  Gaultheria  procumbens,"  which  work  was 
persistently  continued  until  1849,*  when  he  announced  the  discovery 
of  phenetol  (C.HgOC^Hg,  phenol  ethyl  ether),  mononitrophenetol 
(C.H^NOjOCjHg),  and  phenetidin  (Ci^HjNOjCjHj,  old  nomenclature). 
Two  methods  for  preparing  phenetol  were  given;  one  by  heating 
together  ethyl  salicylate  and  bar3'ta,  and  the  other  by  simply  heating 
barium  ethyl  salicylate. 

Following  up  a  suggestion  of  Cahours,  G.  Baly,*'  at  the  request  of 
A.  W.  Hofmann,  prepared  phenetol  by  the  first  method  described 
above,  but  called  it  "salithol.''  Baly  presented  his  work  to  the  Lon- 
don Chemical  Society  December  4,  1848,  but  it  did  not  appear  in  the 
society's  official  organ  until  1850.  It  is  interesting  to  note  in  this 
connection  that  several  foreign  journals  printed  the  article  in  1849, 
giving  the  Quarterly  Journal  of  the  Chemical  Society  credit  for  an 
article  that  did  not  appear  in  its  columns  until  nearly  a  year  afterwards. 

In  1851  Cahours ''prepared  phenetol  by  heating  potassium  phenolate 
and  ethyl  iodid  together  in  a  sealed  tube  at  from  100^  to  120*^  C.  The 
following  year  appeared  C.  Gerhard t's*  classic  ''Recherches  sur  les 
acides  organique  anhydres."     In  this  investigation  we  find  prepared 

aComp.  rend.,  1843,  16:  853;  J.  prakt.  Chem.,  29:  197. 

»Ann.  Chira.  Phys.,  1849   (3),  27:439;  J.  prakt.  Chem.,  1850,  49:262;  Ann. 
(liebig),  74:  314. 
^^Quart  J.  Chem.  Soc.,  1850,  2:  28;  J.  prakt.  Chem.,  1849,  47:  419. 
^'Comp.  rend.,  1851,  82:  60;  Ann.  (Liebig),  78:  225. 
«Comp.  rend.,  1852,  84:  755;  J.  prakt.  Chem,,  56:  321. 
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for  the  first  time  acetanilid  and  benzanilid,  by  the  action  of  acetic 
anhydrid  and  benzoic  anhydrid,  respectively^  on  anilin.  This  same 
worker"  had  made  benzanilid  seven  years  before  by  the  interaction  of 
benzoyl  chlorid  and  anilin. 

In  1854  J.  Fritzsche  began  to  study  the  action  of  nitric  acid  on 
phenol.  His  first  results  were  presented  to  the  St.  Petersburg 
Academ}^  of  Sciences  November  6,  1857.*  In  this  communication  he 
reported  the  preparation  of  ortho-nitrophenetol  by  the  action  of  ethyl- 
iodid  on  a  silver  salt  of  ortho-nitrophenol.  The  ester  was  extracted 
and  purified  b}'^  treating  the  mixture  with  ether,  evaporating  the  sol- 
vent, and  distilling  the  resulting  reddish-yellow  fluid.  The  product 
thus  obtained  was  nearly  odorless,  almost  insoluble  in  water,  but 
readily  soluble  in  alcohol  and  ether.  Boiling  caustic  potash  solution 
decomposed  it  with  diflBculty. 

The  following  year*^  the  same  worker  discovered  and  described 
isonitrophenic  acid  (para-nitrophenol)  and  some  of  its  derivatives. 
The  derivative  of  particular  interest  in  this  connection  is  its  ethyl 
ester,  para-nitrophenetol,  prepared  as  was  the  ortho-nitrophenetol 
above.  Para-nitrophenetol  he  described  as  a  colorless  crystalline  body 
possessing  an  agreeable  aromatic  odor,  nearly  insoluble  in  water, 
soluble  in  ether  and  alcohol,  and  melting  at  57°  to  58°  C. 

Nothing  of  importance  appeared  again  until  A.  GrolH  announced 
the  preparation  of  ortho-amidophenetol  from  ortho-nitrophenetol. 
The  latter  was  prepared  by  dissolving  potassium  nitrophenolate  and 
ethyl  bromid  in  from  3  to  4  parts  of  alcohol  and  heating  the  mixture 
for  a  number  of  hours  in  a  sealed  tube  at  from  140°  to  160°  C. 
Ortho-amidophenetol  was  made  by  treating  ortho-nitrophenetol  with 
metallic  tin  and  hydrochloric  acid.  From  this  time  forward  the  nitro- 
phenetols  were  well  known  to  organic  chemists,  being  frequently 
emploj^ed  by  them  in  their  research  work,  and  probably  in  the  indus- 
trial world.  Para-nitrophenetol  was  used  by  R.  Schmitt  and  K. 
Mohlau*  in  their  investigation  on  azoxy-azo-  and  hydrazo-phenetol,  by 
Schmitt-^  during  his  study  of  the  constitution  of  the  dichlorazophe- 
nols,  and  R.  Mohlau  in  his  dissertation^  very  fully  describes  ortho- 
nitrophenetol.  The  latter,  in  his  study  of  ortho-diamidodiphenetol,  ^ 
full}'  sets  forth  that  the  phenetols  were  common  property. 

«(:!oiiip.  rend.,  1845,  20:  1031. 

'^St.  Petereb.  Bull.  Classe  phys.  math,,  1858,  16:  161;  J.  prakt.  Chem.,  78:293; 
Chein.  Centralb.  (2),  3:  171. 

^'St.  Petersb.  Bull.  Clause  phys.  math.,  1859,  17:  145;  J.  prakt.  Chem.,  75:257; 
Ann.  (Liebig),  110:155;  Jahresb.  (Liebig  and  Kopp),  11:407. 

<lj.  prakt.  Chem.,  1875  (2),  12:  207. 

''J.  prakt.  Chem.,  1878  (2),  18:  198. 

/J.  prakt.  Chem.,  1879  (2),  19:  312. 

fl' Dissertation,  Freiburg,  1879,  i,  b.  27,  ff,  through  J.  prakt.  Chem.,  1880  (2),  21:  318. 

A  J.  prakt.  Chem.,  1879  (2),  19:  381. 
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By  allowing  fuming  nitric  acid  toactonphenetol,  Cahours*  obtained 
a  solid  and  a  liquid  >)ody;  the  fonner  Jie  called  dinitropheneto^  and 
the  latter  mononitrophenetol.  E.  J.  Hallock*  repeated  these  experi- 
ments and  obtained  two  similar  bodies.     He  says: 

The  solid,  when  purified  by  repeated  recrystallizations,  both  from  at-id  and  from 
alcohol,  wan  proved  by  an  ultimate  analyniH  to  l)e  a  mononitrophenetol.  Its  melt- 
ing i)oint,  58°  C,  and  other  physical  properties  coincide  with  that  of  para- 
mononitrophenetol,  prepared  by  Fritzsche  in  1868  by  the  action  of  iodid  of  ethyl 
upon  the  silver  salt  of  para-nitrophenol. 

H.  Andreae*^  in  his  excellent  communication  of  nitro-ortho-  and 
nitro-para-azophenetol  shows  that  he  was  well  acquainted  with  both 
the  para-  and  the  ortho-nitrophenetol.  C.  Willgerodt^  gave  a  new 
method  for  preparing  para-nitrophenetol,  as  indicated  by  the  follow- 
ing equation:  C,H,(N0,)Cl+C,H,0H=C.H,(N0,)0CjH6-f HCl.  H. 
Kolbe  *  gave  additional  methods  for  preparing  these  products.  Other 
useful  papei's  published  bearing  on  these  products  were  contributed 
by  J.  Berlinerblau/  C.  Liebemiann  and  St.  Kostanecki,^  and  C. 
Willgerodt  and  M.  Ferko.* 

The  next  step  involved  in  the  production  of  the  phenacetins  Is  the 
conversion  of  the  nitrophenetols  into  the  amidophenetols.  This  is 
usually  done  by  the  well-known  nascent  hydrogen  process. 

Ortho-amidophenetol  was  first  given  to  the  world  by  A.  GroU '  in 
1875.  The  same  compound  was  produced  by  M.  FOrster-^  in  1880  and 
by  J.  Berlinerblau-^  in  1884.  Meta-amidophenetol  was  well  known  to 
Berlinerblau/  and  Ph.  Wagner,  *  and  undoubtedly  to  other  organic 
chemists  in  the  early  eighties.  The  discovery  of  para-amidophenetol 
is  generally  credited  to  the  American  chemist,  E.  J,  Hallock,*  but  R. 
Schmitt's '  work  on  the  constitution  of  the  dichlorazophenols  shows 
that  chemists  were  well  acquainted  with  this  compound  before  the  pub- 
lication of  Hallock's  article.  It  was  well  known  to  Liebermann  and 
Kostanecki^  in  1884. 

The  process  described  in  the  phenacetin  patent  for  the  manufacture 
of  para-phenetidin  was  old  and  well  known  prior  to  the  date  when  the 
patent  was  granted — 1889.  Substantially^  the  same  method  was 
described  in  1884  by  H.  Kohler.'^ 

a  Ann.  Chim.  Phys.,  1849  (3),  27:  465.  J^Ber.  d.  chem.  Ges.,  1884,  17:  876. 

ft  Am.  Chem.  J.,  1879,  1:  271.  A  J.  prakt.  Chem.,  1886  (2),  33:  152. 

'•J.  prakt  Chem.,  1880  (2),  21:  318.  'J.  prakt.  Chem.,  1875  (2),  12:  207. 

rfBer.  d.  chem.  Ges.,  1881,  14:  26:^;  J  J.  prakt.  Chem.,  1880  (2),  21:  341. 

ibid.,  1882,  15: 1002.  *  J.  prakt.  Chem.,  1885  (2),  32:  70. 

'J.  prakt.  Chem.,  188:^  (2),  27:  424;  U.  prakt.  Chem.,  1879  (2),  10:  312. 

ibid.  (2),  28:  62.  wj.  prakt.  Chem.,  1884  (2),  29:  257. 

/J.  prakt  Chem.,  18S4  (2),  80:  97. 
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Meta-acetphenetidin,  or  the  meta  variety  of  phenacetin,  was  pre- 
pared by  Ph.  Wagner"  in  1885.  This  he  accomplished  by  gently  heat- 
ing together  two  parts  of  meta-phenetidin  and  one  part  of  acetic  anhy- 
drid,  cooling  the  resulting  mixture,  tmnsferring  the  cooled  crystalline 
mass  to  a  funnel,  washing  out  part  of  the  impurities  by  means  of 
water,  and  finally  recrystallizing  from  hot  water.  The  purified,  glis- 
tening crystals  were  white,  with  a  tint  of  red,  melted  at  96.7^  C- 
(uncorrected),  and  were  diflicultly  soluble  in  water. 

After  having  prepared  para-amidophenetol,  Hallock *  experimented 
further  with  this  compound  and  reported  one  observation  in  the  fol- 
lowing words:  "This  oil  combines,  like  anilin,  directly  with  acetyl 
chlorid  to  a  crystalline  solid."  This  crystalline  solid,  for  the  greater 
part,  undoubtedly  consisted  of  para-acetphenetidin,  or  phenacetin 
proper.  Ilallock,  however,  did  not  isolate  the  crystalline  body  and 
establish  its  ph3^sical  properties  and  chemical  composition.  If  he  had 
done  this  it  would  have  been  a  positive  anticipation  of  the  patent, 
and  that  part  of  the  patent  alleging  novelty  or  "a  new  pharmaceutical 
product"  would  have  had  its  mainstay  imdermined.  All  information 
about  the  crystalline  body  was  left  vague  and  inconclusive  by  Hallock, 
who  evidently  did  not  think  that  it  possessed  any  value  or  was  worth 
further  investigation.  The  statement  that  he  obtained  such  a  body 
by  the  interaction  of  acetyl  chlorid  and  pam-amidophenetol  was  not 
useful  to  the  public. 

The  great  desideratum  with  the  medical  profession  has  lx?en  a  safe, 
effective,  and  inexpensive  antipyretic.  The  oldest  and  best  febrifuge 
at  this  time  (1880)  was  quinine  sulphate,  but  on  account  of  its  costli- 
ness many  efforts  had  been  made  by  chemists  either  to  prepare  quinine 
artificially  or  to  find  an  eflicient  substitute.  In  1842  Gerhardt*' dis- 
tilled a  mixture  of  quinine,  water,  and  caustic  potash  and  obtained  a 
useful  base  which  he  called  chinolin.  Its  high  price  from  this  source 
forbade  its  use  medicinally,  but  by  treating  the  alkaloid  cinchonin  in 
a  similar  manner  he  produced  the  same  base.  He  was  very  much 
encouraged  by^  the  results  of  this  investigation,  for  it  was  found  that 
this  comparatively  cheap  base  and  its  salts  were  active  antipyretics. 
Chinolin  tartrate  was  the  earliest  largely  used  artificial  febrifuge. 
Chinolin  itself  was  used  as  a  nucleus  of  many  synthetic  antipyretics 
or  quinine  substitutes.  The  successful  preparation  of  synthetic  qui- 
nine has  been  reported  from  time  to  time,  but  at  this  writing  has  not 
been  accomplished.  Stimulated  by  the  success  of  Gerhardt,  K.  Hlasi- 
wetz  and  L.  Barth^  distilled  resins  in  the  same  manner  in  which  quinine 

« J.  prakt.  Chem.,  1885  (2),  82:  70. 

6 Am.  Chem.  J.,  1879,  1:271. 
j  c  Ann.  (Liebig),  1842,  42:  310;  J.  prakt.  Chem.,  28:  65. 
l^Wien.  Akad.  Ber.,  1864, 4»:  203;  through  Chem.  Centralb.,  (2),  9:806.  1 
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and  cinchonin  had  been  distilled  and  obtained  a  product  which  they 
called  resorcin.  This  chemical  was  at  first  extolled  as  an  antipyretic 
also. 

From  1862  to  1879  there  appeared  to  be  a  cessation  of  activities  in 
the  field  of  this  class  of  remedies,  but  at  the  latter  date  W.  KOnigs^ 
gave  a  new  impetus  to  the  work  by  his  researches  on  chinolin,  making 
it  syntheticalh^  on  a  large  senle  from  anilin.  He  was  soon  joined  in 
his  investigations  by  Baeyer,  Skiiiup,  Fischer,  Knorr,  KOrner,  and 
others,  with  ver}'  fruitful  results. 

Doctors  Fischer  and  KOnigs  in  their  studies  on  the  alkaloids  came  to 
the  conclusion  that  the  properties  of  quinine  did  not  reside  in  the 
quinolin  nucleus,  but  in  an  oxygen  or  h\'drogen-bearing  clement  con- 
tained in  or  introduced  into  the  nucleus.  With  this  in  mind  their 
researches  were  prosecuted,  and  a  number  of  new  bodies  were  discov- 
ered, only  two  of  which,  however,  appeared  to  })c  successful  as 
medicinal  agents.  These  were  oxyhydromethylchinolin  hydrochlorid, 
prepared  by  O.  Fischer*  and  called  "Kairin,"  and  tetrahydromethyl- 
quinolin  or  tetrahydroethylquinolin,  made  by  L.  Hoffmann  and  W. 
KOnigs^  and  named  ^'Kairolin."  The  fomier  was  patented,  highly 
extolled,  and  extensively  advertised,  and  seems  to  have  been  the  first 
medicinal  chemical  that  was  stimulated  by  the  mercantile  influence  of 
letters  patent. 

In  1884,  L.  Knorr ''  succeeded  in  preparing  another  very  efficient 
antip3'retic  and  named  it  antip^-rin.  It  was  well  covered  by  patents. 
In  France,  however,  a  patent  was  granted  only  on  a  process  for  manu- 
facturing it  as  an  anilin  prodm^t.  But  antipyrin  did  not  possess  any 
industrial  value  and  could  not  be  sold  as  a  patented  remedy,  for  France, 
in  the  endeavor  to  hold  the  interests  of  suffering  humanity  above  the 
interest  of  the  individual  inventor,  does  not  grant  patents  on  medicinal 
agents.  The  result  was  that  antipyrin  was  not  employed  openly  in 
France  during  the  life  of  the  patent. 

Acetanilid  was  discovered  in  1852  by  C.  Gerhardt,*^  but  its  antipy- 
retic properties  were  not  revealed  until  1886,  by  G.  Krieger.-^  It  is 
well  known  by  its  trade  name  Antifebrin.  This  compound  unfortu- 
nately is  prone  to  induce  collapse  when  frequently  administered  in 
large  doses.  It  was  shown  twent}^  years  previous  to  this  time  bj'-  C.  D. 
Schroff,^'  A.  Crum-Brown,  and  T.  R.    Fraser,'*^  and   more  recently 

«Ber.  d.  chem.  Ges.,  1879,  12:453. 

6Ber.  d.  chem.  Ges.,  1883, 1«:712;  Ari-h.  d.  Pliarni.  (3),  21:  617. 
<-Ber.  d.  chem.  Ge.**.,  1883,  1«:  727. 

rfBer.  d.  chem.  Ges.,  1884,  17:  2032;  J.  Soc.  Chem.  Ind.,  1885,  4:  59. 
^Comp.  rend.,  1852,  84:  755. 
/Centralb.  f.  Klhi.  Med.,  1886,  7:  761. 
fl' Wochenblatt  d.  K.  K.  Cies.  Aerzte,  VVien,  1866,  6: 157. 

^Trans.  Royal  Soc.  Edin.,  1867  to  1869, 25:  151  and  693 ;  J.  Anatomy  and  PhyBiol., 
(2),  8:478. 
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by  Stolnikow,'*  that  a  modification  of  the  chemical  constitution  of  a 
chemical  compound  materially  changes  its  physiological  action.  For 
example,  the  introduction  of  a  methoxy  group  into  morphine,  convert- 
ing it  into  codeine,  materially  diminishes  its  narcotic  action. 

Salol  was  prepared  In-  M.  Nencki*  and  investigated  thei*apeutically 
b}'  Dr.  Sahli.^    This  chemical  was  fully  covered  by  patents. 

In  1887  phenacetin,  as  an  antipyretic,  first  made  its  public  appear- 
ance through  comnmnic^ations  by  G.  Kobler^'  and  E.  Ghillany.^  This 
chemical  was  prepared  by  Hinsberg.  No  unfavorable  after  symptoms 
were  noticed  in  50  cases  that  were  treated.  O.  Hinsbei-g  and  A. 
Kast-^  reported  that  para-acetphenetidin  (phenacetin)  in  doses  of  3 
grams  acted  like  a  strong  poison,  but  in  doses  from  0.2  to  0.5  gram, 
exhibited  to  feverish  persons,  it  was  an  effective  antipyretic. 

E.  Utescher^  reported  phenacetin  as  a  very  reliable  antipyretic 
and  singularly  free  from  secondary  effects.  He  described  it  as  an 
odorless,  tasteless,  white  (pinkish  tint),  crystalline  body,  having  a 
melting  point  of  182.5^  C.  When  heated  with  sulphuric  acid,  ethyl 
acetate  is  produced.  On  heating  a  mixture  of  phenacetin,  potassium 
hj'droxid  solution,  and  chloroform  the  isonitril  odor  is  developed. 
Phenacetin  heated  with  a  potiussium  hydroxid  solution  Ulcerates  ethyl 
alcohol,  which,  on  the  addition  of  iodin,  gives  iodoform.  This  phenace- 
tin was  manufactured  by  F.  Bayer  &  Co. 

The  above  historical  review  quite  fully  sets  forth  the  state  of  the 
art  and  know^ledgc  prior  to  the  application  for  the  phenacetin  patent, 
June  29,  1888.  The  various  methods  of  making  acetanilid  and  its 
physiological  action  were  well  known.  Acetanilid  produced  unfavor- 
able after  results  when  given  in  repeated  large  doses.  Some  undesir- 
able physiological  actions  had  been  removed  or  modified  or  mitigated 
by  the  introduction  of  certain  well-known  groups.  Phenacetin  has 
the  same  chemical  constitution  as  acetanilid,  excepting  that  one  of  the 
atoms  of  hydrogen  of  acetanilid  has  been  substituted  by  an  ethoxy 
group. 

«Ztechr.  f.  Phyniol.  Chem.,  1884,  8:  2:^5. 

«'Polytech.  Notizbl.,  1886,  41:  17();  through  Chem.  Centralb.,  (3),  17:  751. 

<-Therap.  Monatsh.  Berl.,  1887,  1:  333. 

<^ZtvSchr.  Osterr.  Apoth.  Ver.,  1887,  25:  323. 

^  Ztschr.  Osterr.  Apoth.  Ver.,  1887,  25:  339;  J.  Soc.  Chem.  Ind.,  6:  676. 

/Centralb.  Med.  VVissensch.,  1887,  25:  145. 

17  Apoth.  Ztg.,  1887,  2:  436;  through  J.  Chem.  Soc.  Ind.,  7:  227, 
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PHEHAGETnr  PATENTS  AND  TEADE-MAEKS. 

United  States  Patent  Office. 

Oikar  Hinsberg,  of  Bannen,  Assignor  to  the  Farbenfabriken,  Vormals  Fr.  Bayer  &  Co.,  of  Elberfeld, 

Germany. 

phenacetine. 

Specification  forming  part  of  letters  patent  No.  400086^  dated  March  26 ^  1889.     Applica- 
tion filed  June  29,  1888.     Serial  Xo.  27859,3.     {Sjyecimens) 

To  all  whom  it  may  concern : 

Be  it  known  that  I,  Oskar  Hinsberg,  a  citizen  of  the  P^mpire  of  Germany,  residing 
at  Barmen,  in  the  said  Empire,  have  invented  a  Useful  Iniprovenient  in  the  Manu- 
facture of  a  New  Pharmaceutical  Product,  of  which  the  following  is  a  specification. 

My  invention  relates  to  the  production  of  a  new  pharmaceutical  product,  a  new 
antipyretic  and  antineuralgic,  obtained  by  reducing  nitrophenetole  and  melting  the 
phenetidinchlorhydrate  thus  formed  with  dried  sodium  acetate  and  acetic  acid. 

In  Sirrying  out  my  process  practically  I  4)roceed  as  follows:  Fifty  kilos  of  the 
potassium  salt  of  paranitrophenole  are  mixed  with  three  hundred  kilos  of  alcohol, 
adding  forty  kilos  of  bromaethyl.  The  mixture  is  heated  in  an  autoclave  at  a  pres- 
sure of  three  to  four  atmospheres  during  about  eight  hours.  At  this  time  the  reac- 
tion is  finishe  I,  whereby  paranitrophenetole  is  obtained  according  to  the  following 
equations: 

/ONa  /OC^Hj 

CeH,+C,H5Br=CeH4+BrNa 
\  NO  \  NO, 

In  order  to  separate  the  mononitrophenole,  which  has  not  taken  any  part  in  the 
process,  from  the  ether  recently  formed,  the  solution  is  treated  with  steam.  By  this 
operation  the  ether  distills,  leaving  behind  the  paramononitrophenole. 

For  the  reduction  of  the  paranitrophenetole  forty  kilos  of  this  ether  are  mixed 
with  sixty  kilos  of  muriatic  acid  and  sixty  kilos  of  water.  To  this  mixture  are 
gradually  added,  at  a  tem|>erature  of  70°  centigrade,  twenty-five  kilos  of  iron  filings, 
the  whole  being  stirred  continually.  As  soon  as  the  ether  is  entirely  reduced,  para- 
amidophenetole  is  obtained,  aa  explaine<l  by  the  following  equation: 

/OCHs    /0C,H5 
CeH,-i-He-CeH,+2H,0 
\  NO,       ^\  NH, 

The  solution  obtained  in  this  manner  is  saturated  with  chalk  diluted  with  water, 
and  for  the  purification  of  the  amido  compound  treated  with  steam  the  distillate  is 
ab6orbe<l  in  water  acidulated  by  muriatic  acid.  The  muriatic  salt  of  the  para- 
am  idopbenetole  crystallizes  in  white  leaves.  Fifty  kilos  of  this  product  are  melted 
with  one  molecule  of  melted  acetate  of  sodium  and  twenty  four  kilos  of  glacial  acetic 
acid.  The  melted  mass  is  repeatedly  boiled  with  water  and  the  new  nionoacetyl- 
param idopbenetole  obtained  from  the  filterates  after  cooling.  It  has  the  following 
chemical  formula: 

^NH  (C.,H,0) 
Para  CeH,=GioO,Hi,N 
^\0C,H5 

and  is  obtained  according  to  the  following  e<.iuations: 

/NH,  /NHCjHjO 

Para  CeH^-f  CHaC00H=CeH4-f  H,0' 

13528— No.  80—04 3 
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The  monoacetylparamidophenetole  crystallizes  in  white  leaves,  melting  at  133°  to 
136°  centigrade.  It  is  tasteless,  little  soluble  in  cold  water,  more  so  in  hot  water, 
but  easily  in  alcohol,  chloroform,  benzole,  etc.  It  is  altogether  different  from  the 
body  described  in  the  Year  Book  of  Pharmacy,  1883,  page  146,  denominated  **phe- 
naceteine".  The  formula  of  phenaceteine  is  CioHijO,  that  of  phenacetine  C,oHi80,N, 
my  product  containing  nitrogen  contrary  to  phenaceteine.  The  phenaceteine  repre- 
sents a  coloring  matter,  an  armorphous  carmine  red  powder,  the  acid  solution  of  • 
which  is  yellow,  the  alkaline  raspberry  red,  while  my  phenacetine  is  colorless,  crys- 
tallizing in  white  leaves,  not  changing  color  by  addition  of  acids  or  alkalies. 

Having  thus  described  my  invention,  what  I  claim  as  new,  and  desire  to  secure  by 
Letters  Patent,  is — 

The  product  herein  described,  which  has  the  following  characteristics:  it  crystal- 
lizes in  white  leaves,  melting  at  135°  centigrade;  not  coloring  on  addition  of  acids  or 
alkalies;  is  little  soluble  in  cold  water,  more  so  in  hot  water;  easily  soluble  in  alco- 
hol, ether,  chloroform,  or  benzole;  is  without  taste  and  has  the  general  composition 
C,oHi30,N. 

0.  HiNSBEBG. 

Witnesses: 

Wm.  Diestel, 
O.  J.  Heimpel. 

A  patent  on  phenacetin  was  granted  to  O.  Klimmek,^  of  Chicago, 
111.,  under  the  chemical  name  oxyethylacetanilid.  This  patent  was 
subsequently  found  to  be  invalid. 

On  reading  the  phenacetin  patent  (Hinsberg)  it  will  be  observed 
that  this  patent  is  for  the  product  and  the  descriptive  portion  or  speci- 
fication sets  forth  a  process  by  which  this  product  is  made.  In  an 
attack  on  the  validity  of  the  patent  the  patentees  took  shelter  behind 
this  claim,  alleging  that  the  invention  resided  in  the  product  and  not 
in  the  process.  The  patentee  undoubtedly  felt  that  there  was  nothing 
new  in  the  process  described,  and  it  was  a  necessity  to  draft  the  patent 
in  such  a  manner  as  to  permit  the  above  construction.  There  is  noth- 
ing new  in  the  process.  Every  step  was  well  known  to  chemists  long 
prior  to  the  time  of  application  for  the  patent.  The  only  useful  im- 
provement in  the  process  was  its  application  on  a  commercial  scale, 
and  there  could  have  been  little  hope  of  successfully  defending  such 
a  process  in  case  of  an  attack.  The  claim  for  the  product  seems  to  be 
quite  safe,  for  there  is  nothing  available  in  ordinary  chemical  litera- 
ture that  conclusively  anticipated  the  patent.  The  "crystalline  solid" 
of  Hallock,  spoken  of  above,  was  undoubtedly  impure  phenacetin,  but 
his  information  concerning  the  product  was  not  suflScient  anticipation, 
in  the  opinion  of  the  courts,  to  invalidate  a  useful  patent. 

The  patent  has  been  declared  good  and  valid  in  law  by  the  United 
States  circuit  court*  for  the  eastern  district  of  Pennsylvania,  and  the 
United  States  circuit  court  of  appeals^  for  the  third  circuit  affirmed 
the  decision  of  the  lower  court.  O.  Hinsberg  must  therefore  at 
present  be  considered  the  acknowledged  discoverer  of  phenacetin. 

«U.  S.  Pat.  No.  606288,  June  28,  1898. 

ftDickerson  etal.  v.  Mauer,  Fed.  Rept.,.1901,  108:  28.3. 

<^Mauer  r.  Dickerson  et  al.,  Fed.  Rept,  1902,  118 :  8/0. 
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Phenacetin  is  an  eminently  efficient  medicinal  remedy,  and  is  conse- 
quently largely  used  in  all  parts  of  the  civilized  world.  It  is  open 
to  competition  in  every  country  except  the  United  States.  This  situa- 
tion has  caused  the  pharmaceutical  profession  of  the  United  States 
to  chafe  considerably  for  many  years.  They  think  such  a  discrimina- 
tion is  an  injustice.  In  many  cases  the  burden  became  unbearable, 
and  an  illegitimate  product  began  to  be  smuggled  into  this  country 
from  the  Canadian  borders.  At  present  it  is  mostly  brought  in  by 
unauthorized  agents  through  the  customs,  duty  paid,  and  delivered  to 
the  trade  at  about  half  the  price  charged  by  the  holders  of  the  patent. 
Much  of  this  smuggled  phenacetin  bears  the  same  label  as  the  author- 
ized product,  but  it  is  expressly  stated  on  the  carton  that  "The  resale 
and  importation  to  the  United  States  of  America  is  prohibited."  It 
is  sometimes  called  "peddled"  phenacetin.  In  some  cases  the  dealers 
in  these  goods  are  not  satisfied  with  their  profits,  but  mix  the  phenac- 
etin with  acetanilid  and  put  it  up  in  spurious  packages  closely  resem- 
bling the  original  cartons.  Adulterated  phenacetin  has  caused  the 
druggists  of  this  country  much  trouble. 

For  a  time  it  was  thought  that  phenacetin  could  be  handled  in  this 
country  under  its  chemical  name,  para-acetphenetidin,  as  were  derma- 
tol  (bismuth  subgallate),  antifebrin  (acetanilid),  and  antipyrin  (dime- 
thyloxychinizin),  and  as  aristol  (dithymol  di-iodid)  is  at  present;  but 
the  court  held  that  the  phenacetin  patent  covered  this  name^  also. 
Whatever  may  be  the  status  quo,  it  is  quite  evident  that  very  little 
para-acetphenetidin  as  such  finds  its  way  into  the  United  States 
except  such  as  is  brought  in  surreptitiously-. 

The  words  "Phenacetin"  and  "Phenacetin-Bayer"  are  protected 
by  United  States  registered  ti-ade-marks,  numbers  18637  and  16392, 
respectively.  If  the  usual  custom  should  prevail,  the  owners  of  these 
trade-marks  would  have  the  exclusive  right  to  use  these  words  for 
thirty  years  from  date  of  registration,  but  according  to  certain  recent 
United  States  Supreme  Court  decisions*  the  word  "Phenacetin" 
bepomes  public  property  at  the  expiration  of  the  phenacetin  patent; 
otherwise  it  would  be  necessary  to  use  the  chemical  name  or  coin  a 
suitable  one  for  common  use,  as  was  the  case  with  vaseline,  known  in 
the  United  States  Pharmacopoeia,  1890,  as  petrolatum*  The  following 
interesting  extract  is  taken  from  the  Singer  decision: 

Tradb-mark — Doctrine  as  to  Use  op  Name  Given  to  Patented  Article  After 
Expiration  op  Patents. — It  is  the  universal  American,  English,  and  French  doctrine 
that  where,  during  the  life  of  a  monopoly  created  by  a  patent,  a  name,  whether  it 
be  arbitrary  or  be  that  of  the  inventor,  has  become  by  his  consent,  either  express  or 

oDickersonv.  Tinling,  Fed.  Rept.,  1897,  84:  192. 

&  Official  Gazette,  1896,  75: 1703,  Singer  Manufacturing  Company  r.  June  Manufac- 
turing CJompany;  Official  Gazette,  1901,  97:  958,  The  Ilolzapfel's  Composition  Com- 
pany (Limited)  v.  The  Rahtjen's  American  Composition  Company. 
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tacit,  the  identifying  and  generic  name  of  the  thing  patented,  this  name  passes  to 
the  public  with  the  cessation  of  the  monopoly  which  the  patent  created. 

Same,  same — Use  of  Name  to  Deceive. — Where  another  avails  himself  of  this 
public  dedication  to  make  the  machine  and  use  the  generic  designation,  he  can  do 
eo  in  full  forms,  with  the  fullest  liberty,  by  aflfixing  such  name  to  the  machines,  by 
referring  to  it  in  advertisements,  and  by  any  other  means,  subject,  however,  to  the 
condition  that  the  name  must  be  so  used  as  not  to  deprive  others  of  their  rights  or  to 
deceive  the  public,  and,  therefore,  that  the  name  must  be  accompanied  with  such 
identifications  that  the  thing  manufactured  is  the  work  of  the  one  making  it  as  will 
unmistakably  inform  the  public  of  that  fact. 

On  the  principles  embodied  in  the  above  decision  the  trade-marked 
names  Antipyrin,  Castoria,  and  Lanolin  have  become  public  property. 
Any  one  is  at  liberty  to  manufacture  the  above  articles,  with  the  restric- 
tion that  the  public  must  not  be  deceived  as  to  the  maker. 

The  underlying  principle  of  our  patent  laws  is  to  stimulate  and  pro- 
tect invention.  As  a  patent  covering  a  new  product  prevents  the 
production  of  the  article  during  its  life  by  other  processes,  even  those 
which  may  be  more  economical,  the  inventor  of  a  new  process  for  the 
preparation  jof  a  patented  product  will  be  prevented  by  the  owner  of 
the  product  patent  from  practicing  his  new  process  during  the  life  of 
the  patent.  To  this  extent  the  patent  laws  may  be  said  to  temporarily 
discourage  the  invention  of  new  and  more  economical  processes  for 
the  production  of  such  patented  products;  but  if  to  remedy  such  diffi- 
culty the  protection  by  patent  should  be  removed  from  this  class  of 
products  these  would  be  left  unprotected  as  a  class  of  useful  inventions. 
It  is  generally  admitted  that  our  patent  laws  do  work  hardships  in  a 
few  cases  like  phenacetin,  but  if  they  were  modiiSed  so  as  to  remedy 
such  difficulties  much  greater  ones  would  become  involved.  Though 
inequalities  exist,  our  patent  laws  as  a  whole  are  considered  by  those 
who  have  made  a  study  of  the  subject  to  be  the  best  in  the  world. 

The  commission  appointed  by  President  McKinley  to  revise  the 
United  States  patent  and  trade-mark  laws  did  not  see  its  way  clear  to 
make  the  changes  desired  by  the  American  Pharmaceutical  Associa- 
tion. For  this  the  commission  has  been  criticised  harshly  by  the 
pharmaceutical  press,  which  expresses  surprise  that  the  recommenda- 
tions of  the  association  named  were  ignored.  While  the  recommenda- 
tions appear  to  be  reasonable,  it  must  be  remembered  that  our  patent 
laws  are  general,  and  of  the  large  number  of  patents  granted  in  the 
United  States  chemicals  and  medicinal  remedies  constitute  only  a 
small  percentage.  Such  changes  would  involve  special  (class)  legisla- 
tion for  a  comparatively  few  articles,  which  Congress  is  very  much 
disinclined  to  enact,  for  experience  has  shown  that  the  results  are 
frequently  far  from  satisfactory. 
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METHODS  OF  MAVUPAGTUEE. 

The  method  described  in  the  patent  does  not  need  to  be  considered 
further.  The  following  equations  serve  to  illustrate  the  successive 
steps  and  the  principles  involved  in  the  manufacture  of  phenacctin: 

(^,H,NO,OH  +  6H  =  Cell^NH.OH  -f  2H,0. 
p-nitrophenol  -f  nascent  hydrogen  =  p-amidophenol  4-  water. 

CeH,NH,OH  -f  CaHfiBr  =  CeH,NH,0C,Pl5  +  HBr. 

ip-amidophenetol  j 
or 
p-phenetidin 

CeH^NH^OCjHj  +  CHsCOOH  =  CsH.NHCHjOOCJIs  +  H,0. 
p-phenetidin  +  glacial  acetic  acid  =  phenacetin  +  water. 


p-amidophenol  +  ethyl  ])romide  =]  or  \  \  hydrobromic  acid. 


Acetic  anhydrid  or  acetyl  chlorid  can  be  used  in  place  of  glacial 
acetic  acid.  Phenacetin  is  obtained  pure  by  recrystallization  from 
hot  water.  In  1888  J.  D.  Riedel^  took  out  a  German  patent  for  the 
manufacture  of  p-amidophenetol,  which  is  the  direct  antecedent  of 
phenacetin,  by  reducing  10  kg  of  diethyldioxyazobenzol  with  6  kg  of 
tin  and  50  kg  of  20  per  cent  hydrochloric  acid.  As  soon  as  the  diethyl- 
dioxyazobenzol is  dissolved  the  mixture  is  rendered  alkaline  and  sub- 
mitted to  distillation.  Para-amidophenetol  is  carried  over  with  the 
aqueous  distillate.  The  patentee  states  that  this  chemical  is  service- 
able in  preparing  phenacetin.  The  reaction  is  represented  b}''  the 
following  equation: 

C2H50CeH,NNCen,OC,n6  -f  4H  =  2CJl50CeH,NH,. 

According  to  another  method,*  50  grams  of  chrysophenin,  100  grams 
of  zinc  dust,  and  250  cc  of  hot  water  are  mixed  in  a  2-liter  flask  and 
heated  on  a  water  bath  with  frequent  agitation  for  one  hour,  then  sub- 
mitted to  distillation.  The  p-amidophenetol  is  removed  from  the  dis- 
tillate by  means  of  ether  and  the  ethereal  solution  rendered  acid  with 
30  cc  of  dilute  hydrochloric  acid,  which  converts  the  phenetol  into  an 
ether  insoluble  hydrochlorid.  The  ether  is  drawn  oS  and  the  aqueous 
solution  concentrate  to  crystallization. 

H.  N.  Morse  *^  in  1878  treated  p-amidophenol  with  acetic  acid  with 
the  expectation  of  getting  an  acetic  acid  salt  of  p-amidophenol,  but 
obtained  p-acetylamidophenol.  In  1894  E.  Taiiber^  secured  letters 
patent  in  Germany  for  a  process  that  converts  this  chemical  into  phe- 
nacetin. The  method  is  as  follows:  Mix  150  grams  of  p-acetamido- 
phenol,  165  grams  of  potassium  ethyl  sulphate,  40  grams  of  sodium 
hydrate  (dissolved  in  500  cc  of  60  per  cent  alcohol)  in  an  autoclave 

a  D.  R.  Patent  No.  48543,  Dec.  28,  1888. 

ft  Bender  und  Erdmann,  OrganiBche  Praparate,  1*^94,  2:  460. 

«Ber.  d.  chem.  Ges.,  1878,  11:  232. 

rfD.  R.  Patent  No.  85988,  June  19,  1894. 
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and  heat  the  mixture  for  four  hours  at  150^  C.  On  diluting  the  result- 
ing solution  with  three  parts  of  water  the  phenacetin  separates  out  in 
fairly  pure  crystals.  This  appears  to  be  the  method  now  used  in  the 
manufacture  of  phenacetin. 

The  chemical  constitution  of  phenacetin  can  readily  be  made  out 
from  what  has  been  said  above.  Its  chemical  names  are  p-acetamino- 
phenol  ethyl  ether,  p-acetphenetidin,  p-acetamidophenetol,  ethoxy- 
acetanilid,  and  oxyethy lacetanilid.  The  last  two  names  show  their  close 
relation  to  acetanilid.     This  is  also  shown  by  the  following  formulae: 


'NHC,H«0 
CgH^NHCsHjO  (acetanilid)  and  QH^^C"  (phenacetin). 

.0C,H5 


These  two  compounds  resemble  each  other  not  only  in  chemical 
constitution,  but  also  in  their  physical  properties. 

PHTSIGAL  AND  CHEMICAL  TESTS. 

THE  MELTING  POINT. 

Many  and  varied  have  been  the  tests  proposed  for  establishing  the 
purity  of  phenacetin,  but  at  present  the  most  reliable  is  its  melting 
point,  which  is  near  135^  C.  This  important  constant  is  disturbed  by 
the  presence  of  any  impurity,  such  as  unconverted  p-phenetidin,  ace- 
tanilid, antip3^rin,  salicylic  acid,  quinine  sulphate,  starch,  milk  sugar, 
etc.  All  powders  so  far  examined  in  this  laboratory  having  a  melting 
point  within  1  degree  of  normal  have  deported  themselves  in  every 
respect  like  pure  phenacetin. 

The  presence  of  unconverted  p-phenetidin  **  in  phenacetin  is  detected 
by  melting  2.5  grams  of  pure  crystal  chloral  hydrate  in  a  test  tube  on 
a  water  bath,  then  adding  0.5  gram  of  phenacetin,  and  continuing  the 
heating  for  a  short  time.  If  the  phenacetin  is  pure,  only  a  pinkish 
color  develops  on  prolonged  heating,  whereas  the  presence  of  p-phene- 
tidin (p-amido-phenetol)  gives  within  five  minutes  an  intensely  red  or 
reddish-violet  coloration.  ^ 

The  one  adulterant  of  phenacetin  which  appears  to  be  diflScult  of 
detection  is  acetanilid.  Its  influence  on  the  melting  point  of  phenace- 
tin was  noted  by  E.  Utescher,*  who  found  that  phenacetin  mixed  with 
5  per  cent  of  acetanilid  shows,  at  from  113^  to  114°  C,  minute  drops 
of  liquid  on  the  sides  of  the  capillary  tube  and  melts  completely  at 
from  127°  to  128°  C.  H.  Schweitzer^  studied  the  melting  points  of 
various  mixtures  of  phenacetin  and  acetanilid  and  observed  the  strange 
phenomenon  that  all  mixtures  of  these  two  chemicals  began  to  melt  at 
92°  C.     Neither  phenacetin  nor  acetanilid  shows  the  least  change  at 

aPhann.  Ztg.,  1891,  86:  185,  through  J.  Soc.  Chem.  Ind.,  10:  799. 
&Apoth.  Ztg.,  1888,  8:  483,  through  Ztschr.  anal.  Chem.,  27:  666. 
^  J.  Soc.  Chem.  Ind.,  1895,  14:  852. 
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this  temperature.  Schweitzer  thinks  this  test  is  positive  in  identify- 
ing mixtures  of  these  chemicals  and  that  further  examination  is  useless. 
The  following  table  is  taken  from  his  communication: 

Mdling  pointi^  of  mixtures  of  pheriac^lin  and  aretanilid  {Schweitzer). 


Mixture  consisting 

No. 

of 
Phenace- 

I — 

Begins  to 
melt  at— 

Completely 
transpar- 
entat— 

Acetani- 

-- 

tin. 

lid. 

Percetit. 

Per  cent. 

°C. 

°r. 

1 

99 

1 

92 

134 

2 

95 

5 

92 

133 

3 

85 

15 

92 

128 

4 

661 

33i 

92 

126 

5 

60 

40 

92 

125 

6 

50 

50 

92 

122 

7 

40 

60 

92 

118 

8 

88i 

66} 

92 

114 

9 

15 

85 

92 

110 

10 

5 

95 

92 

106 

11 

100 

0 

183 

134.5 

12 

0 

100 

112 

114 

Examinations  made  in  this  laboratory  of  mixtures  of  phenacetin  and 
acetanilid  gave  the  following  results: 

Melting  points  of  mixtures  of  phenacetin  and  acetanilid  {drug  laboratory). 


Percentages    in 
mixture  of— 


Melting  point. 


No. 


;  Phenace-  Aoetani-'  Begins  toj^'^^^^^^^^ 


tin. 


lid. 


Per  cent. 

1 

90 

2 

75 

3 

50 

4 

25 

5 

10 

6 

100 

7 

0 

127 
121 

92 

99 
110 
134.8 
113.8 


The  above  observations  were  made  several  times  on  finely  powdered 
anhydrous  thoroughly  mixed  material  with  a  standard  thermometer, 
the  entire  mercurial  column  being  in  the  heating  medium.  The  melt- 
ing points  were  taken  in  a  long  capillary  tube  attached  to  the  thermom- 
eter, and  both  were  placed  in  a  test  tube  20  cm  long  and  2  cm  in  diame- 
ter. The  test  tube  was  then  filled  with  glycerin  and  placed  in  a  liter 
Erlenmeyer  flask  nearly  filled  with  glycerin.  The  temperature  was 
gradually  raised  and  kept  unifoim  throughout  the  mass  by  a  continual 
current  of  air.  The  results  are  not  in  perfect  accord  with  Schweitzer's. 
The  various  mixtures  began  to  soften  at  about  92'^  C,  but  not  uni- 
formly at  that  temperature. 
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Since  these  determinations  were  made  an  article  by  G.  M.  Beringer* 
has  appeared,  from  which  the  following  table  on  the  melting  points  of 
mixtures  of  acetanilid  and  phenacetin  is  taken: 

Melthnj  points  ofmiriurea  of  ncrUmUid  and  phenacetin  {Beringer), 


1  Acetani- 

1      lid. 

ShrinlcH. 

Softens. 

Melts. 

Complete 
fusion. 

Per  cent. 

°C. 

°a 

°C. 

1 

126 

128 

131-182 

134 

2 

115 

1-25 

130-131 

182 

3 

110 

124 

128-129 

131 

4 

lOJ 

120 

125-126 

130 

5 

100 

108 

112-114 

124 

10 

100 

105 

110-112 

120 

15 

95 

105 

110-112 

120 

20 

92 

100 

10&-106 

118 

25 

90 

94 

95-96 

115 

30 

90 

92 

94-95 

115 

35 

H5 

90 

92-»l 

108 

40 

84 

90 

91-98 

106 

45 

82 

90 

92-93 

100 

50 

80 

86 

90-92 

96 

55 

77 

86 

90-92 

95 

60 

.      82 

88 

90-92 

94 

65 

82 

87 

90-92 

94 

70 

87 

90 

91-92 

95 

75 

88 

90 

92-93 

96 

80 

88 

90 

91-92 

99 

85 

90 

92 

95-96 

105 

90 

92 

95 

100-101 

108 

95 

96 

102 

107-1(J8 

111 



_   __- 

_ 

These  results  do  not  add  anj^thing  t<)  what  has  already  been  noted, 
but  they  do  show  clearly,  first,  that  chemists  have  not  yet  thoroughly 
learned  how  to  determine  the  point  at  which  a  substance  melts  or 
begins  to  soften;  and,  second,  that  all  mixtures  of  phenacetin  and 
acetanilid  do  not  begin  to  soften  uniforml}'^  at  92°  C. 

SOLUBILITY. 

The  solubility  of  phenacetin  is  of  service  in  detecting  such  adul- 
terants as  sodium  bicarl)onate,  sugar,  starch,  quinine  sulphate,  and 
antipyrin. 

CTHEMICAL   TESTS   FOR   ACETANILID   IN   PHENACETIN. 

Numerous  chemical  tests  have  been  proposed  to  detect  the  presence 
of  acetanilid  in  phenacetin,  but  so  far  the  ideal  method  has  not  been 
found.  These  two  chemical  bodies  bear  such  a  close  resemblance  to 
each  other  that  it  is  difficult  to  detect  the  cheaper  acetanilid  in  the 
more  expensive  phenacetin.  The  reverse  is  quite  easy  to  accomplish. 
The  following  tests  are  given  in  the  order  of  their  usefulness. 

Bromin  Test  (E.  Hirschsohn).^ 

Boil  0.1  gram  of  the  suspected  mixture  with  10  cc  of  water  for 
several  minutes,  cool,  filter,  and  to  the  filtrate  add  bromin  water  until 
a  yellow  coloration  is  produced.     With  phenacetin  no  turbidity  results. 


«Drug.  Circular,  1903,  47:  184. 
ftPharm.  Ztsohr.  f.  Rusa.,  1888,  27:  794. 
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but  the  presence  of  acetanilid  causes  a  precipitate  of  p-bromacetanilid 
which  melts  at  from  166^  to  168°  C.  This  test  is  recognized  in  the 
British  and  German  pharmacopoeias. 

Saponification  Test  (P.  N.  Raikow  and  P.  Schtarbanow).« 

This  test  is  based  on  the  fact  that  acetanilid  decomposes  more  readily 
with  a  fixed  alkaline  solution  than  phenacetin.     It  is  applied  as  follows: 

In  a  test  tube  of  suitable  size,  provided  with  a  perforated  rubber 
stopple  carrying  a  bent  tube  about  20  cm  long,  place  1  gram  of 
acetanilid  or  phenacetin  or  a  mixture  of  the  two  and  8  cc  of  a  25  per 
cent  solution  of  potassium  h^^droxid  and  submit  the  mixture  to  distil- 
lation. Receive  the  distillate  in  a  second  test  tube  containing  about 
5  cc  of  a  good  bleaching-powder  solution.  With  acetanilid  alone  a 
violet  blue  or  purplish  coloration  develops,  due  to  the  anilin  distilled; 
with  phenacetin  a  brick-red  opalescent  solution  forms  by  the  inter- 
action of  the  phenetidin  and  calcium  hyperchlorite;  with  a  mixture 
of  phenacetin  and  acetanilid  the  first  few  drops  of  the  distillate  give 
the  violet-blue  coloration,  while  the  latter  portion  of  the  distillate, 
received  in  a  separate  test  tube,  gives  a  brick-red  turbidity  and  some 
coloration.  With  a  considerable  quantity  of  phenacetin  the  color 
becomes  intensely  red  and  the  turbidity  increases.  In  order  to  clearly 
differentiate  between  these  two  colorations  it  is  necessary  to  collect 
the  first  few  drops  of  the  distillate  for  the  acetanilid  test  and  the  latter 
portion  for  the  phenacetin  test.  If  this  precaution  is  not  carefull}^ 
obsei-ved  the  phenetidin  color  reaction  will  obscure  the  anilin  test,  and 
the  results  are  valueless.  If  acetanilid  is  not  present  the  first  few 
drops  of  the  distillate  will  not  produce  any  coloration  with  the  calcium 
hyperchlorite  solution. 

G.  M.  Beringer*  has  studied  this  method  very  thoroughly  and  sug- 
gests several  changes  which  he  thinks  materially  improve  it.  By 
replacing  the  chlorinated-lime  solution  with  a  chlorinated-soda  solu- 
tion the  end  color  reactions  obtained  become  much  more  chai^acter- 
istic.  With  this  reagent,  acetanilid  gives  a  decidedly  pui*ple  tint  not 
in  the  least  obscured  by  a  cloudy  brownish-red,  as  is  the  case  with  the 
chlorinated-lime  solution.  With  phenacetin  the  sodium -hyperchlorite 
solution  changes  to  a  *' bright  orange"  (brick-red)  and  remains  clear. 
The  chlorinated-soda  solution  is  considered  to  be  a  far  more  delicate 
and  satisfactory  reagent.  Beringer  says  that  he  did  not  have  any 
diflSculty  in  detecting  3  per  cent  of  acetanilid  in  phenacetin. 

Another  modification  of  this  test  suggested  by  the  same  writer  is  to 
heat  together  for  one  minute  0.1  gram  of  the  substance  and  3  cc  of  a 
sodium-hydroxid  solution,  cool  thoroughly,  add  5  cc  of  a  chlorinated- 
soda  solution,  shake  well,  and  set  aside  for  a  few  minutes.  If  phenac- 
etin only  is  present  the  upper  layer  is  never  of  a  deeper  tint  than 

aOesterr.  Chem.  Ztg.,  1900,  8:  125.  &Drug  Circular,  1903,  47:  184. 
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yellow,  but  the  presence  of  acetanilid  imparts  to  it  a  purplish-red 
shade. 

Other  modifications  are  given,  but  the  following  is  considered  the 
most  delicate:  Intimately  mix  1  gram  of  sodium  peroxid  with  0.1  gram 
of  the  substance  to  be  tested,  place  the  mixture  in  a  15  cm  test  tube, 
and  add  3  cc  of  water.  After  the  vigorous  action  ceases,  shake  thor- 
oughly, cool,  and  add  6  cc  of  sodium-hyperchlorite  solution,  again  shake 
vigorously,  and  set  aside.  If  the  phenacetin  is  pure  the  liquid  remains 
colorless,  or,  at  most,  after  long  standing  assumes  a  pale-yellow  color, 
while  the  presence  of  acetanilid  gives  a  purplish-red  tint  shading  to 
pink,  depending  upon  the  amount  of  the  adulterant  present. 

Judging  from  the  chemical  composition  of  phenacetin  and  acetan- 
ilid and  the  final  color  reactions,  it  is  quite  probable  that  the  sodium 
peroxid  acts  mainly  as  a  saponifying  agent,  as  does  potassium 
hydroxid  in  the  original  method. 

Mercitroi'8  Nitrate  Tekt  (P.  C.  Plitg«e).« 

Boil  together  0.5  gram  of  phenacetin  and  8  cc  of  water,  cool  and 
filter.  To  the  filtrate  add  a  fi'agment  of  potassium  nitrite  and  0.5  cc 
of  dilute  nitric  acid  and  boil  the  mixture  a  few  minutes.  Then  add 
1  cc  of  mercurous  nitrate  solution  containing  nitrous  acid,  boil  again, 
and  if  a  red  color  develops  acetanilid  is  indicated. 

loDOPHENOL  Test.* 

This  test  was  adopted  by.  the  German  Pharmacopoeial  Commission 
for  the  identification  of  acetanilid,  and  is  recx)gnized  by  the  fourth 
edition  of  the  German  Pharmacopoeia,  but  the  reaction  has  been  proved 
to  l)e  worthless.  Phenacetin  responds  affirmatively  to  this  test,  which 
is  executed  as  follows: 

Heat  together  for  a  few  minutes  0.2  gram  of  acetanilid  and  2  cc  of 
25  per  cent  hydrochloric  acid.  A  clear  solution  results,  which,  with 
4  cc  of  a  5  per  cent  solution  of  carbolic  acid  and  a  suitable  amount  of 
a  good  calcium  hypochlorite  solution  (1  in  10)  gives  a  dirty  violet-blue 
color.  On  rendering  this  solution  alkaline  with  ammonia  water  an 
indigo  blue  develops.  The  test  has  been  modified  in  various  ways, 
but  so  far  the  results  are  not  satisfactory. 

Ihonitril  Reaction. 

This  test  was  originally  proposed  by  A.  W.  Hofmann*^  as  character- 
istic of  anilin.  It  has,  however,  been  found  that  primary^  amines  in 
general  respond  to  this  reaction.  It  is  therefore  a  group  reaction  and 
can  not  with  safety  be  employed  to  detect  one  compound  containing 

« Arch.  d.  Pharm.,  1890,  228:  9;  J.  Anal.  Appl.  Chem.,  7:  77. 
ft Arch.d.  Pharm.,  1887,  225: 1042. 
<5Ber.  d.  chem.  Gee.,  1870,  8:  767. 
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an  amido  group  in  the  presence  of  another  compound  containing  the 
same  group,  even  though  one  is  more  readily  acted  on  by  the  agents 
employed  than  the  other.  The  test  is  applied  by  heating  together  for 
a  few  minutes  about  0.5  gram  of  the  substance  and  5  cc  of  a  10  per 
cent  solution  of  sodium  hydroxid,  then  cautiously  adding  a  few  drops 
of  chloroform  and  setting  the  mixture  aside  for  a  few  minutes.  If  a 
primary  amine  is  present  the  characteristic  offensive  odor  of  phenyl- 
carbamine  can  readily  be  detected.  This  reaction  has  received  official 
sanction  in  the  pharmacopoeias  of  the  United  States,  England,  and 
Germany,  and  is  so  frequently  cited  as  suitable  for  detecting  acetan- 
ilid  in  phenacetin  that  a  short  r^sum^.  of  some  of  the  misleading  state- 
ments made  concerning  it  is  desirable. 

CONFLI(TIX<J   HTATEMENTH  RE(lARDINO   THE    ISONITRIL   REACTION. 

As  early  as  1887  Utescher^*  found  that  after  heating  phenacetin, 
sulphuric  acid,  and  alcohol  together,  rendering  the  mixture  distinctly 
alkaline  with  a  tixed  alkali,  and  adding  a  few  drops  of  chloroform,  the 
repugnant  odor  of  carbylamine  was  developed.  The  sulphuric  acid 
probably  decomposes  the  phenacetin  into  acetic  acid  and  phenetidin 
(QH4  NHj  OCjHj).*  Schwartz^  states  that  a  simple  method  for  deter- 
mining acetanilid  in  phenacetin  is  by  means  of  the  isonitril  reaction. 
W.  Lenz,**  in  his  review  of  special  analytical  methods,  says  that  it  is 
self-evident  that  for  the  detection  of  acetanilid  in  phenacetin  the  well- 
known  ''isonitril  reaction"  can  be  employed.  Again,  this  author 
states  that  a  mixture  of  acetanilid  and  phenacetin  will  give  the  "  isoni- 
tril reaction."    C.  Piatt*  saj^s: 

Another  test  useful  also  in  detecting  small  quantities  of  acetanilid  in  the  presence 
of  phenacetin  is  to  treat  the  mixture  with  caustic  soda  or  potash  in  the  presence  of 
chloroform,  when,  if  acetanilid  he  present,  the  characteristic  odor  of  isonitril  is 
given  off.  If  phenacetin  he  heated  with  alcohol  and  sulphuric  acid  the  character- 
istic odor  of  ethyl  acetate  is  obsen-ed;  by  heating  the  solution  thus  formed  with 
caustic  potash  and  chloroform,  the  carbylamine  reaction  is  obtained. 

In  an  article  entitled  "Adulteration  and  Substitution  of  Drugs,"  by 
Schweitzer/ the  following  statements  arc  found: 

Acetanilid  is  identified  *  *  *  by  heating  0.10  gram  of  the  powder  with  1  cc  of 
NaOH  (15  per  cent  NaOH)  and  three  drops  of  chloroform,  whereupon  the  offensive 
smell  of  phenyl-isocyanide  is  given  off.  *  *  *  For  the  identification  of  the  mix- 
ture (acetanilid  and  phenacetin)  it  is  sufficient  to  state  that  the  substance  begins  to 
melt  at  92**  C.  and  becomes  completely  transparent  below  134°  C.  On  heating  0.10 
gram  of  powder  with  1  cc  of  caustic  soda  (15  per  cent  NaOH)  and  3  drops  of  chloro- 
form the  offensive  smell  of  phenyl-isocyanide  is  observed. 

« Apoth.  Ztg.,  1887,  2:  436,  through  J.  Soc.  Chem.  Ind.,  7:  227. 

&  Ann.  (Liebig),  1899,  809:  233. 

cPharm.  Ztg.,  1888,  88:  357. 

tf  Ztschr.  anal.  Chem.,  27:  666. 

ej.  Anal.  Appl.  Chem.,  1893,  7:  77. 

fj,  Soc.  Chem.  Ind.,  1895,  14:  852. 
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According  to  G.  Guasti^  phenacetin  gives  the  phenyl-carbylamin 
reaction.  F.  S.  Hyde*  says:  '^Contrary  to  some  writers,  phenacetin 
will  give  the  isonitrile  test,  and  hence  can  not  be  distinguished  from 
acetanilid  by  this  reaction."  F.  X.  Moerk*^  obtained  this  reaction  in  the 
usual  way  with  both  acetanilid  and  phenacetin,  but  saj-s  that  1  per 
cent  of  the  former  is  readily  detected  in  the  latter  when  a  solution  of 
potassium  permanganate  is  added  to  destroy  odors  that  are  formed 
by  other  bodies  and  which  interfere  with  the  test.  P.  W.  Squire*^ 
reports  satisfactory  results  with  this  modification. 

The  isonitril  reaction  is  recognized  as  an  identifying  test  for  aceta- 
nilid b}^  the  present  British,  German,  and  United  States  pharmaco- 
poeias. Neither  of  the  two  former  pharmacopoeias  mentions  this  test 
in  connection  with  phenacetin,  and  the  latter  does  not  recognize  this 
chemical.  Such  careful  workers  as  Helbing,  Fischer,  and  Fluckiger 
state  that  phenacetin  gives  the  isonitril  reaction. 

From  this  array  of  contradictory  statements  it  is  not  surprising  that 
a  worker  not  thoroughly  familiar  with  the  literature  of  this  subject 
should  make  the  error  of  basing  his  conclusions  on  this  reaction. 
These  discrepancies  are  undoubtedly  due  to  the  fact  that  phenacetin  is 
less  readily  decomposed  with  a  fixed  alkali  solution  than  is  acetanilid. 
The  conditions  under  which  the  test  has  been  applied  by  the  various 
workers  have  not  been  uniform,  and  indeed  it  would  be  difficult  to 
p*escribe  proper  limitations,  as  has  been  discovered  in  the  drug  labo- 
ratory. The  test  has  proved  itself  to  be  unreliable  for  the  purpose  of 
detecting  acetanilid  in  phenacetin. 

COMMEBCIAL  SAMPLES. 

VARIOUS    LABELS. 

Original  1-ounce  packages  of  the  authorized  phenacetin  were  pur- 
chased in  Washington,  D.  C,  while  the  unauthorized  product  and 
p-acetphenetidin  were  secured  in  Philadelphia,  Pa.  This  is  not 
intended  to  imply  that  the  druggists  of  Philadelphia  were  trafficking 
in  the  forbidden  phenacetin  while  those  in  Washington  were  not. 

All  samples  of  the  regular  article  were  marked  as  follows: 

Trade-marked  name:  Phenacetin.  Registered  trade-mark,  1  Ounce  Phenacetin- 
Bayer.  Patented  March  26,  1889,  U.  S.  Patent  Nr.  400086.  Manufactured  by  Far- 
l^nfabriken,  vorm.  Frieds.  Bayer  and  Co.,  Elberfeld,  Germany,  for  United  States 
pat*»ntee.  This  package  is  sold  to  the  owner  of  U.  8.  Patent  Nr.  400086  March  26, 
1889,  the  Farbcnfabriken  of  Elberfeld  Co.,  40  Stone  Str.,  New  York  City. 


«Selmi,  1894,  4:  96,  through  J.  Soc.  Chem.  Ind.,  14:  77. 

^J,  Amer.  Chem.  Soc,  1895,  17:  933. 

cAm.  J.  Pharm.,  1896,  68:  89. 

rf Squire's  Companion  Brit.  Pharm.,  1899,  17th  ed.,  p.  6. 
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A  general  registered  trade-mark,  No.  31422,  consisting  of  the  figure 
of  a  winged  lion  resting  one  forepaw  on  a  globe  while  the  other  paw 
grasps  a  caduceus,  is  also  found  on  each  package. 

The  cartons  of  the  irregular  product  are  plainly  marked  as  to  the 
manufacturer  and  source  of  production.  Each  package  is  labeled  in 
English,  French,  and  German  as  follows: 

"Patented  in  the  United  States  of  America,  Nr.  400086.  Phenace- 
tine-Bayer.  The  resale  and  importation  to  the  United  States  of  America 
are  prohibited." 

The  sample  purchased  by  its  chemical  name  bore  the  following 
label: 

"1  lb.  Paracetphenetidine  Powder  B.  P.  This  serves  to  remind  that 
this  article  must  not  be  sold  to  the  United  States,  it  being  patented  in 
that  country.     Made  in  Germany.     E.  Merck.     Darmstadt." 

ANALYTICAL   RESULTS. 

The  tests  applied  to  these  samples  were  such  as  have  been  found 
of  service  in  establishing  the  quality  of  phenacetin,  and  include  ph\^s- 
ical  appearance,  melting  point,  solubility,  and  the  presence  of 
p-phenetidin. 

Analyses  of  commercial  samples  of  phenacetin. 


Number 
on  pack- 
age. 

Kind. 

PliysicHl  appearanco. 

Melting       SoUi- 
point.        bility. 

P-phenet!din. 

1726 

Authorized 

do 

do 

Paracetphenidin . . 

Unauthorized 

Authorized 

do 

do 

Unauthorized 

Micaceous  scales 

134.8 
185.0 

Normal . 
....do... 

None. 

1743 

do 

Do. 

1782 

do ; 

135.0  '....Hn... 

Do. 

04082 
166641 

Micaceous  scales  ( powdered ) 

Micaceous  scales 

134.9 
134.6 
136.0 
134.4 
134.6 
a 122-123 

...-do... 
....do... 
....do... 
....do... 
....do... 
....do... 

Do. 
Do. 

389282 

do 

Do. 

339243 

do 

Do. 

839255 

do 

Do. 

845888 

Micaceous  scales  (some  large) 

Do. 

n  Began  to  soften  at  94°  C, 

All  of  these  samples  are  of  satisfactory  quality  except  No.  845388, 
which  is  a  mixture  of  phenacetin  and  acetanilid,  containing  about  20 
per  cent  of  the  latter.  This  sample  and  the  paracetphenidin  were 
purchased  at  the  same  place,  while  the  other  unauthorized  sample 
was  obtained  from  a  different  source  of  suppl3^  On  examining  the 
carton  containing  the  mixture  of  phenacetin  and  acetanilid  it  appeared 
to  be  spurious.  The  two  empty  cartons  containing  the  unauthorized 
phenacetin  were  sent  to  the  patentee's  agent  in  New  York  with  the 
request  that  he  express  an  opinion  as  to  their  genuineness.  These 
packages  were  immediately  returned.  No.  845388  being  marked  coun- 
terfeit, the  other  genuine.  The  bogus  carton  resembled  the  genuine 
one  very  closely,  though  there  was  a  difference  in  color,  stylo  of  type, 
and  the  ornamental  lines  employed. 
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GOMMEBGE  IN  PHENAGETIH. 

United  States  letters  patent  grant  to  an  inventor  "the  exclusive 
right  to  make,  use,  and  vend"  his  "invention  throughout  the  United 
States  and  the  Territories  thereof."  This  clause  effectively  restricts 
to  the  inventor,  his  heirs,  or  assignees,  the  right  to  import  his  pat- 
ented product  into  the  United  States  when  manufactured  abroad. 
According  to  certain  decisions*  it  is  held  by  some  that  If  the  article 
is  purchased  from  the  patentees,  tribute  has  been  paid  to  the  monopoly 
and  the  right  is  therefore  acquired  to  import,  use,  and  sell  the  article, 
bought  elsewhere,  within  the  United  States.  This  privilege,  however, 
does  not  obtain  when  purchases  are  made  from  others  than  the  owners 
of  the  patent,  because  they  have  not  then  received  any  remuneration 
for  the  ai-ticle  so  purchased.*  If  these  principles  governed  the  phe- 
nacetin  trade  the  present  strained  situation  would  not  exist. 

Another  factor  which  has  assumed  considerable  proportions  in  the 
commercial  world  must  be  considered.  The  patentee  has  the  right 
and  power  to  sell  his  product  subject  to  the  express  conditions  that  it 
must  not  be  imported  into  the  United  States  or  sold  here.  He  has  the 
same  vested  right  to  sell  the  product  with  restrictions  and  limitations 
that  he  has  to  sell  it  at  all.  It  is  a  matter  of  record  that  the  patentees 
of  phenacetin  expressly  state  on  every  package  sold  in  foreign  coun- 
tries that  its  importation  into  the  United  States  and  resale  there  is 
prohibited.  Manufacturers  of  p-acetphenetidin  specify  on  every 
package  that  it  must  not  be  sold  in  the  United  States.  The  following 
exti-acts  from  the  decisions  of  the  United  States  circuit  court  of 
appeals^  express  the  rulings  on  this  point  in  a  ver}"  succinct  manner: 

1.  One  purchasing  in  a  foreign  country  an  article  protected  by  a  United  States 
patent,  from  persons  other  than  the  owner  of  the  United  States  patent  or  his  ven- 
dees, can  not  imx)ort  and  sell  the  same  in  this  country  without  infringing  the  United 
States  patent. 

2.  One  purchasing  in  a  foreign  country,  from  the  owner  of  the  United  States  pat- 
ent, patented  goods  having  marked  upon  them  a  condition  that  they  should  not  be 
imported  into  the  United  States,  can  not  import  and  sell  them  here  without  being 
guilty  of  infringement. 

Judging  from  past  reports  and  recent  developments,  our  excise  laws 
have  been  grossly  violated  by  the  smuggling  of  phenacetin,  which  is 
clandestinely  brought  into  the  country  in  violation  of  our  customs 
laws,  or  is  regularly  imported,  duty  paid,  and  secretly  sold  to  con- 
sumers. Pharmaceutical  journals  recount  the  arrests  of  numerous 
vendors  of  this  illicit  product.  These  smugglers  have  been  appre- 
hended in  every  section  of  the  Union,  and  many  litigations  have  been 
instituted,  numerous  injunctions  issued,  and  fines  imposed. 

«  Cited  in  Dickerson  v,  Tinling,  Fed.  Eept.,  1898,  84: 192. 
^Dickerson  t\  Tinling,  Fed.  Kept.,  1898,  84:  192. 
^Dickerson  v.  Tinling,  Fed.  Kept,  1897,  84: 192. 
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The  collector  of  customs  of  the  port  of  New  York  seized  and  con- 
fiscated illegally  imported  phenacetin,  advertised  it  for  sale  in  the 
customary  manner,  and  sold  it  at  public  auction  in  that  city  in  1898. 
The  purchaser  at  the  time  of  the  sale  knew  that  the  goods  were 
smuggled,  and  infringed  the  patent.  Before  he  could  resell  his  pur- 
chase the  representative  of  the  patentees  served  an  injunction  pre- 
venting such  sale.  The  case  was  taken  into  the  United  States  circuit 
court,  and  the  defendant  enjoined  from  directly  or  indirectly  using  or 
selling  the  patented  drug  phenacetin.  An  appeal  was  taken  to  the 
United  States  circuit  court  of  appeals,  and  this  court  affirmed  the  order 
of  the  lower  court.  ^  The  defendant  claimed,  first,  that  the  passage  of 
the  phenacetin  through  the  hands  of  the  Federal  Government  in 
some  way  abrogated  the  rights  of  the  patentee;  and,  second,  that  b}'' 
the  condemnation  proceedings  and  statutorj^  notice  the  title  of  the 
property  passed  to  the  purchaser  without  incumbrance  or  reservation. 

In  view  of  the  decision  given  above,  it  seems  that  these  contentions 
do  not  obtain  in  the  case  of  patented  articles  of  the  phenacetin  type. 
The  decision  further  states  that  the  patentee  "has  no  title  to  or  lien  on, 
or  legal  or  equitable  interest  in  the  infringing  property."  The  pur- 
chaser filed  an  application  for  a  refund  of  the  buying  price,  but  the 
Treasuiy  Department  reported  that  it  could  not  comply  with  this 
request,  *  as  the  law  does  not  provide  for  refunds  under  any  circum- 
stances. The  defendant  refused  to  comply  with  the  order  to  surrender 
the  goods  purchased  from  the  Government.  This  curious  legal 
entanglement  as  to  the  disposition  of  smuggled  patented  drugs  is  at 
present  receiving  the  consideration  of  the  Attorney-General.  The  issue 
is  of  the  greatest  importance,  and  has  attracted  the  attention  not  only 
of  the  Treasury  officials,  but  of  the  Patent  Office  authorities  as  well. 

«Dickerson  v.  Sheldon,  Fed.  Kept.,  1900,  98:  621. 
2>0il,  Paint,  and  Drug  Reporter,  August,  1903,  64:  24. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington^  D.  C.,  March  J^.^  1904,. 
Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  the 
proceedings  of  the  twentieth  annual  meeting  of  the  Association  of 
Official  Agricultural  Chemists,  with  the  request  that  it  be  published  as 
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PROCEEDINGS  OF  THE  TWENTIETH  ANNUAL  CONVENTION  OF  THE 
ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


RIRSX   DAY. 
THUBSBAT— MOBHIVO  SESSIOV. 

The  twentieth  annual  convention  of  the  Association  of  Official  Agri- 
cultural Chemists  was  called  to  order  by  President  R.  J.  Davidson  at 
10.15  o'clock  on  the  morning  of  November  19, 1903,  in  the  lecture  haU 
of  the  Columbian  University. 

The  following  members  and  visitors  were  in  attendance  during  the 
sessions  of  the  convention: 

HTBTIffBKTlB  AND  VISITOBS  PBESENT. 

Adams,  Arthur  B.,  Treasory  Department,  Washington,  B.  C. 

Allen,  William  P.,  New  Jersey  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Bache,  A.  W.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Badger,  E.  F.,  State  Board  of  Health,  Providence,  R.  I. 
Baakerville,  Charles,  University  of  ^North  Carolina,  Chapel  Hill,  N.  C. 
Beal,  W.  H.,  TJ.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Benjamin,  Marcus,  Smithsonian  Institution,  Washington,  D.  C. 
Bemays,  Walter,  City  Chemist,  St  Louis,  Mo. 

Bigelow,  Willard  D.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Blake,  F.  E.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Boyce,  James,  American  Cotton  Oil  Company,  Chicago,  111. 
Breazeale,  J.  F.,  U.  S.  Department  of  Agriculture,  Washington,  D.  G 
Brooke,  J.  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Brooks,  R.  O.,  24  Jarvis  place,  Trenton,  N.  J. 

Calm,  C.  E.,  190  Michigan  street,  Chicago,  111. 

Cameron,  F.  K.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Carpenter,  F.  B.,  Virginia-Carolina  Chemical  Company,  Richmond,  Va. 
Cavanaugh,  G.  W.,  Cornell  University  Experiment  Station,  Ithaca,  N.  Y. 
Chace,  E.  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Chamherlain,«J.  S.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Chesnut,  V.  K.,  Agricultural  Experiment  Station,  Bozeman,  Mont. 
Church,  C.  G.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Coates,  C.  E..  State  University,  Baton  Rouge,  La. 
ColUns,  A.  T.,  The  Colbum  Company,  Philadelphia,  Pa. 
Cook,  F.  C,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 
Crampton,  C.  A.,  Treasury  Department,  Washington,  D.  C. 
Cushman,  A.  S.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
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Davidson,  R.  J.,  Agricultural  Experiment  Station,  Blacksbui^p,  Ya. 
Dennis,  L.  M.,  Cornell  University,  Ithaca,  N.  Y. 
Donk,  M.  G.,  Assistant  State  Chemist,  Tallahassee,  Fla. 
Doolittle,  R.  £.,  State  Analyst,  Dairy  and  Food  Department,  Lansing,  Mich. 
Dorset,  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Doyle,  A.  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Drueding,  C.  F.,  Yocum  Leather  Trade  Laboratory,  Newark,  N.  J. 
Dubois,  W.  L.,  U.  S.  Department  of  Apiculture,  Washington,  D.  C. 
Dyck,  G.  E.,  Official  Chemist,  Produce  Exchange,  New  York,  N.  Y, 

Emery,  J.  A.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Ewell,  E.  E.,  German  Kali  Works,  Atlanta,  Ga. 

Failyer,  G.  H.,  U.  8.  Department  of  Agriculture,  Washington,  D.  C. 

Fields,  John,  Agricultural  Experiment  Station,  Stillwater,  Okla. 

Fischer,  Richard,  State  Chemist,  Madison,  Wis. 

Foster,  A.  B.,  Agricultural  College,  College  Park,  Md. 

Frear,  Wm.,  State  College,  Pennsylvania. 

Friend,  G.  C,  Union  Abattoir  Company,  Baltimore,  Md. 

Gascoyne,  W.  J.,  23  South  street,  Baltimore,  Md. 

Gibboney,  James  H.,  Agricultural  Experiment  Station,  Blacksburg,  Ya. 

Gore,  Herbert  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Gough,  T.  R.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Gray,  J.  P.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Grindley,  IL  S.,  University  of  Illinois,  Urbana,  111.. 

Gudeman,  Edward,  704  Rialto  Building,  Chicago,  III. 

Hand,  W.  F.,  Agricultural  College,  Miss. 

Hardin,  M.  B.,  Agricultural  Experiment  Station,  Clemson  College,  S.  C. 

Hartwell,  B.  L.,  Agricultural  Experiment  Station,  Kingston,  R.  I. 

Haskins,  H.  D.,  Hatch  Experiment  Station,  Amherst,  Mass. 

Haywood,  J.  K.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Herff,  B.  von,  German  Kali  Works,  New  York,  N.  Y. 

Hillebrand,  W.  F.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Hiltner,  R.  S.,  Treasury  Department,  Washington,  D.  C. 

Hird,  J.  D.,  Health  Department,  Washington,  D.  C. 

Hollister,  F.  M.,  Agricultural  Experiment  Station,  Burlington,  Yt. 

Hopkins,  C.  G.,  Agricultural  Experiment  Station,  Urbana,  111. 

Houghton,  H.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Howard,  B.  J.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Hurst,  L.  A.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Huston,  IL  A.,  German  Kali  Works,  St.  Louis,  Mo. 

Jenkins,  E.  H.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 
Jones,  E.  E.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Kebler,  Lyman  F.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Kerr,  G.  A.,  Acme  Bark  Extract  Company,  Damascus,  Ya.  • 

Kerr,  R.  H.,  Agricultural  Experiment  Station,  College  Park,  Md. 
Kilgore,  B.  W.,  State  Chemist,  Raleigh,  N.  C. 
Knight,  C.  P.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Krug,  W.  H.,  A.  Klipstein  &  Co.,  New  York,  N.  Y. 

.Langworthy,  C.  F.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Lawson,  H.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Tieach.  A.  E.,  State  Board  of  Health,  Boston,  Mass. 
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LeClerc,  J.  A.,  XT.  8.  Department  of  Agricultnre,  Waahington,  D.  0. 
Lipman,  J.  G.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 
Long,  J.  H.,  Northwestern  University,  Chicago,  111. 
Lord,  E.  C.  E.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

McCarthy,  E.  B.,  Acme  Bark  Extract  Company,  Damascus,  Va. 

McDonnell,  H.  B.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Magruder,  E.  W.,  Department  of  Agriculture,  Richmond,  Va. 

Mason,  G.  F.,  D.  J.  Heinz  Company,  Pittsburg,  Pa. 

Mewborne,  R.  G.,  Kentucky  Tobacco  Product  Company,  Louisville,  Ky, 

Moore,  C.  C,  TJ.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Morse,  F.  W.,  Agricultural  Experiment  Station,  Durham,  N.  H. 

Mosbaugh,  F.  R.,  Huntsville  and  Bracebridge  Tanning  Company,  Huntsville,  Canada. 

Mosser,  T.  J.,  State  College,  Pa. 

Mudge,  C.  W.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 

Munson,  L.  S.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Nichols,  M.  F.,  Leather  Trades  Laboratory,  Grand  Raj^ds,  Mich. 
Noyes,  W.  A.,  Bureau  of  Standards,  Washington,  D.  C. 

Page,  L.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Patrick,  G.  E.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Patterson,  H.  J.,  Agricultural  Experiment  Station,  College  Park,  Md. 
Penny,  C.  L.,  Agricultural  Exx>eriment  Station,  Newark,  Del. 
Perkins,  W.  R.,  Agricultural  Experiment  Station,  Agricultural  College,  Miss. 
Price,  H.  L.,  Virginia  Polytechnic  Institute,  Blacksburg,  Va. 
Price,  T.  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Putnam,  Alice,  Anacostia,  D.  C. 

Reed,  H.  C,  Stamford  Manu&icturing  Company,  Stamford,  Conn. 

Richardson,  Clifford,  New  York  Testing  Laboratory,  Long  Island  City,  N.  Y. 

Richtmann,  W.  O.,  1615  Florida  avenue,  Washington,  D.  C. 

Robb,  J.  B.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Robison,  F.  W.,  Agricultural  Experiment  Station,  Agricultural  College,  Mich, 

Ross,  B.  B.,  State  Chemist,  Auburn,  Ala. 

Runyan,  E.  G.,  U.  S.  Inspector  Gas  and  Meters,  Washington,  D.  C. 

Sawyer,  H.  E.,  163  C  street,  South  Boston,  Mass. 

Schreiver,  Oswald,  TJ.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Scovell,  M.  A.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

Seidell,  Atherton,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Shutt,  F.  T.,  Central  Experimental  Farm,  Ottawa,  Canada. 

Simons,  F.  D.,  Treasury  Department,  Washington,  D.  C. 

Smith,  P.  H.,  Hatch  Experiment  Station,  Amherst,  Mass. 

Smith,  B.  H.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Smith,  J.  G.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Snyder,  Harry,  University  of  Minnesota,  St.  Anthony  Park,  Minn. 

Stilwell,  A.  J.,  Leather  Trade  Counsel,  Dubois,  Pa. 

Steinharter,  J.  J.,  Shoe  and  Leather  Reporter,  Philadelphia,  Pa. 

Stokes,  H.  N.,  Bureau  of  Standards,  Washington,  D.  C. 

Stone,  W.  E.,  Purdue  University,  Lafayette,  Ind. 

Straughn,  M.  N.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Street,  J.  P.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Talbot,  H.  P.,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 
Teas,  W.  H.,  Elk  and  Penn  Tanning  Companies,  Ridgway,  Pa. 
Tolman,  L.  M.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Trescot,  T.  C,  U.  S.  Department  of  Agriculture,  Washington,  D.  C, 
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Van  Dyke,  J.  H.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Van  Slyke,  L.  L.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 
Veitch,  F.  P.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 
Voorhees,  E.  B.,  Agricultural  Experiment  Station,  Washington,  D.  0. 

Warner,  H.  J.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Weber,  H.  A.,  State  University,  Columbus,  Ohio. 

Weber,  F.  C,  U.  S.  Department  of  Agriculture,  Washing^n,  D.  C. 

Wharton,  W.  R.,  Agricultural  College,  College  Park,  Md. 

Wheeler,  H.  J.,  Agricultural  Experiment  Station,  Kingston,  R.  I^ 

White,  H.  C,  Athens,  Ga. 

Wiley,  H.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

Wiley,  S.  W.,  American  Agricultural  Chemical  Company,  Baltimore,  Md. 

Williams,  C.  B.,  Department  of  Agriculture,  Raleigh,  N.  C. 

Wilson,  H.  T.,  Buena  Vista  Extract  Company,  Buena  Vista,  Va. 

Winton,  A.  L.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 

Withers,  W.  A.,  Agricultural  Experiment  Station,  Raleigh,  N.  C. 

Woll,  F.  W.,  Agricultural  Experiment  Station,  Madison,  Wis. 

Woods,  C.  D.,  Agricultural  Experiment  Station,  Qrono,  Me. 

The  order  of  business  was  as  follows: 

OBJ>EB  OF  BT7SINESS. 

The  president's  address. 

Appointment  of  committees. 

Reports  of  the  referees,  in  the  following  order: 

1.  Report  on  nitrogen. 

2.  Report  on  potash. 

3.  Report  on  phosphoric  acid. 

4.  Report  on  soils. 

5.  Report  on  ash. 

6.  Report  on  foods  and  feeding  stuffs. 

7.  Report  on  food  adulteration. 

8.  Report  on  dairy  products. 

9.  Report  on  sugar. 

10.  Report  on  tannin. 

11.  Report  on  insecticides. 

12.  Reports  of  special  committees  (food  standards,  fertilizer  legis- 
lation). 

13.  Reports  of  committees  A,  B,  and  C,  on  recommendations  of 
referees. 

PRESIDENT'S  ADDRESS 

Gentlemen  of  the  Association  of  Official  Agricultural  Chemistb:  At  the 
opening:  of  this,  the  twentieth  annual  convention  of  our  association,  it  will  not  be 
amiss  for  us  to  consider  a  few  points  in  connection  with  the  work  which  first  brought 
this  association  into  existence.  The  object  of  this  work  was  to  secure  uniformity  of 
methods  for  the  determination  of  the  valuable  ingredients  in  commercial  fertilizers. 
The  scope  of  the  association  was  broadened  later,  so  that,  as  the  constitution  now 
reads,  its  objects  are:  '*To  secure  uniformity  and  accuracy  in  the  methods,  results, 
and  modes  of  statements  of  analysis  of  fertilizers,  soils,  cattle  foods,  dairy  products. 
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and  other  materiaLa  connected  with  agricultural  industry;  (2)  to  afford  opportunity 
for  the  discussion  of  matters  of  interest  to  agricultural  chemists.'' 

How  well  the  first  part  of  this  work,  in  regard  to  uniformity  and  accuracy  of 
methods,  has  been  done  is  fully  attested  by  our  official  methods,  which  are  now 
universally  acknowledged  as  the  proper  legal  methods  for  the  determination  of  the 
constituents  of  commercial  fertilizers.  But  with  the  advancement  of  the  work  in 
'  this  direction  other  problems  have  appeared  which  are  now  occupying  the  attention 
of  our  referees,  such  as  the  determination  of  iron  and  aluminum  in  phosphates,  and 
of  phosphoric  acid  in  basic  slag.  These  ix>ints  will  in  time,  I  have  no  doubt,  be 
properly  provided  for  in  our  scheme  of  analysis. 

It  is  not  alone  the  question  of  chemical  analysis  to  which  I  wish  to  call  attention, 
but  also  that  of  the  establishment  of  uniform  laws  and  proper  standards  for  the 
inspection  of  commercial  fertilizers,  a  matter  intimately  connected  with  and  depend- 
ent upon  chemical  work.  This  is  a  vital  question  in  connection  with  our  duty  as 
official  chemists,  and  a  more  troublesome  one  {)erhaps  could  not  be  brought  up,  since 
so  many  varied  conditions  must  be  considered. 

Many  of  our  States  now  have  laws  for  the  regulation  of  the  sale  of  commercial 
fertilizers,  but  between  the  23  whose  laws  I  have  examined  there  is  no  mutual 
agreement  either  as  to  requirements  or  form  of  statement  of  composition.  When  we 
consider  the  immense  sums  of  money  annually  invested  in  these  materials  and  the 
large  number  of  people  who  purchase  them,  and  how  few  of  this  number  have  a 
clear  understanding  of  the  character  of  fertilizing  materials,  it  behooves  this  associa- 
tion to  exert  all  its  influence  to  make  these  laws  conform  to  some  definite  standard, 
and  to  aid  as  far  as  possible  in  having  plain,  simple,  and  intelligible  statements  made 
in  regard  to  the  constituents  contained  therein.  At  this  point  it  might  be  well  to 
mention  the  fact,  which  is  well  known  to  most  of  the  members  of  the  association, 
that  our  National  Government  has  recognized  this  body  as  the  proper  one  to  aid  in 
the  formation  of  standards  for  pure  foods.  It  would,  therefore,  seem  reasonable  to 
assume  that  the  several  States  interested  in  the  question  of  fertilizer  laws  would  be 
very  glad  to  make  use  of  a  similar  standard  of  requirements  on  this  subject  prepared 
for  their  use  by  this  association.  These  standards  have  been  prepared  by  our  com- 
mittee on  uniform  fertilizer  legislation,  and  their  report  was  adopted  by  the  associa- 
tion five  years  ago.  It  has  also  been  adopted  by  the  American  Association  of 
Agricultural  Colleges  and  Experiment  Stations.  Although  five  years  have  elapsed 
since  this  report  was  published,  the  State  laws  are  still  far  from  uniform,  and  some 
passed  within  the  last  year,  although  the  question  of  uniform  standards  was  brought 
up,  still  are  framed  according  to  the  old  ideas,  although  some  of  the  new  require- 
ments were  adopted.  Why  is  this?  It  certainly  is  not  due  to  the  lack  of  importance 
of  the  subject.  It  is  true  the  conditions  existing  in  the  various  States  are  widely 
different;  yet  I  do  not  think  this  is  the  true  reason.  Let  us  look  for  another.  As  in 
all  the  work  of  the  association  individual  effort  is  very  important — ^the  results  falling 
short  of  what  they  should  be  when  it  becomes  weak— and  in  this  case  I  think  indi- 
vidual effort  is  lacking.  Our  committee  has  done  all  in  its  power  to  have  this  work 
brought  to  the  attention  of  the  authorities  in  those  States  where  requests  for  informa- 
tion were  made,  and  one  or  two  of  our  members  have  exerted  their  influence  with 
good  effect  But  every  member  of  this  body  should  use  his  influence  in  his  State  to 
have  the  question  of  the  modification  of  existing  laws,  or  the  enactment  of  new  ones 
conforming  to  the  standards  adopted  by  this  association,  brought  before  the  proper 
authorities  at  the  proper  time. 

I  suppose  most  of  the  members  are  familiar  with  the  standards  that  have  been 
adopted  on  this  subject,  so  I  will  not  quote  all  of  them;  but  I  would  like  to  make  a 
comparison  between  some  of  the  requirements  and  those  found  in  a  number  of  our 
State  laws.  The  question  of  nitrogen  is  one  of  the  most  important;  so  let  us  consider 
it.    Our  standard  requires  ''total  nitrogen  guaranteed  in  all  cases,  and  nitrogen  in 
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the  form  of  nitrates  or  ammonium  salts  guaranteed  separately  if  the  manu&ustoier 
desires  credit  therefor."  This  latter  point  is  a  very  important  one,  and  the  constant 
complaint  of  the  manufactm^r  in  many  of  our  States  is  that  he  gets  no  credit  for 
nitrogen  as  nitrate.  Of  the  23  State  laws  examined  8  only  require  the  per  cent  of 
,  available  nitrogen,  and  that  expressed  as  total  nitrogen  only.  Nine  prohibit  the 
use  of  leather  in  any  form,  and  3  leather,  wool  waste,  hair  horn,  and  other  inert 
nitrogenous  material,  unless  a  printed  explicit  statement  is  attached  to  each  package,  ' 
or  such  a  statement  made  to  the  commissioner  or  board  of  agriculture.  One  pro- 
hibits the  use  of  leather  in  any  form,  and  2  prohibit  leather,  hair  horn,  and  hoof  meal, 
etc.  Eleven  (about  one-half)  require  a  statement  of  per  cent  of  jiitrogen;  7  require 
per  cent  of  nitrogen  or  its  equivalent  of  ammonia;  and  3  require  statement  of  per 
cent  as  ammonia.  No  State  law  examined  requires  the  separation  of  the  different 
forms  of  nitrogen.  As  nitrogea  is  the  most  expensive  constituent  of  conmiercial  fer- 
tilizers, the  greatest  safeguards  as  to  its  condition  and  use  should  be  placed  about  it, 
for  the  sake  of  both  purchaser  and  honest  manufacturer.  But  many  of  our  State  laws 
leave  it  so  unguarded  that  it  may  be  furnished  in  forms  of  practically  no  value  for 
fertilizing  purposes,  while  the  purchaser  has  to  pay  as  if  it  were  of  the  highest  value. 
In  stating  percentages  only  minimimti  amounts  should  be  given,  but  of  the  23  laws 
examined,  only  6,  or  about  one-fourth,  called  for  the  minimum  alone. 

I  would  like,  therefore,  to  call  the  attention  of  every  member  of  this  association  who  is 
connected  in  any  way  with  official  fertilizer  control  in  his  own  State  to  the  necessity 
of  attending  to  this  important  part  of  his  work.  It  is  the  duty  of  the  official  chemist 
to  prevent  adulteration  and  fraud  by  every  legitimate  method  available.  I  should  like 
also  to  call  attention  to  a  very  important  point,  and  our  committee  might  take  it  under 
consideration,  which  should  be  made  a  part  of  the  standards  on  this  subject.  This 
is  the  limit  of  error  or  deficiency  which  should  be  allowed  on  the  various  constituents 
in  commercial  fertilizers  and  fertilizing  materials.  Cattle  foods  might  be  included 
also.  There  is  a  very  much  wider  difference  on  this  point  in  our  different  State  laws 
than  on  any  other.  Of  the  23  examined,  7  have  vague  enactments,  such  as  "*  *  * 
shall  lack  materially  any  valuable  ingredient."  Such  a  statement  is  very  indefinite, 
for  who  is  to  judge  where  ** immaterial  lack"  ends  and  "material"  begins.  Five 
have  a  limit  based  on  {>eroentage  composition,  3  on  commercial  valuation.  Of 
those  based  on  percentage  composition,  2  allow  a  limit  of  1  per  cent.  This  is  a 
rather  liberal  allowance,  and  unscrupulous  manufacturers  could  make  money  by 
guaranteeing  and  chai^ng  for,  say,  2  per  cent  of  the  nitrogen  and  only  giving  1  per 
cent.  One  law  allows  one-fourth  of  1  per  cent  on  all  constituents,  and  one  allows 
one-half  of  1  per  cent  on  2  constituents  and  one-third  on  the  other.  Of  those 
based  on  commercial  valuation  one  reads:  "When  it  is  essentially  below  guaranteed 
commercial  value. ' '  Two  allow  a  deficiency  of  3  per  cent  below  guaranteed  value,  and 
one  10  per  cent  below  guaranteed  total  commercial  value.  No  doubt  it  would  be  a 
great  relief  to  all  parties  concerned,  and  especially  to  the  chemist,  to  have  some  fixed 
and  definite  standard.  Of  the  various  methods  now  used  for  determining  deficiency, 
the  one  based  on  percentage  composition  is  undoubtedly  the  best,  and  would,  in  my 
opinion,  be  the  most  agreeable  to  all  parties  concerned. 

The  question  of  determining  the  different  forms  of  nitrogen  in  fertilizers  has  been 
raised  by  our  resolutions,  and  yet  with  one  or  two  exceptions  the  chemist  does  not 
determine  the  amounts  of  nitrogen  as  nitrate  or  ammonia  salts  separately,  but  simply 
states  his  results  as  total  nitrogen.  In  some  cases  the  total  is  given  as  ammonia. 
The  purchaser  is  therefore  left  completely  ignorant  of  the  value  of  the  material. 
The  following  resolution  was  adopted  by  the  association  in  1900:  "It  is  desirable 
that  the  form  of  nitrogen  should  be  determined  and  reported  on  in  analysis  of  ferti- 
lizers." That  this  has  not  been  done  certainly  may  be  the  fault  of  our  State  laws  in 
not  urging  it,  but  I  think  it  is  also  to  some  extent  the  fault  of  the  individual  chemist 
who  is  making  the  analysis.    The  law  does  not  say  that  he  shall  not  make  these  sep- 
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arate  determinatioiis,  therefore,  in  the  interest  of  the  people,  both  manufacturers  and 
consumers,  he  should  do  this  for  their  information;  and  by  so  doing  he  would  in 
time  create  such  a  demand  in  his  State  for  this  information  that  the  people  would 
have  it  embodied  in  the  law.  In  order  to  have  laws  of  any  sort  we  must  educate 
public  sentiment  and  create  a  demand  for  the  law  before  w^e  get  it,  and  this  is  true 
in  the  case  of  our  fertilizer  w^ork.  If  we  want  uniform  fertilizer  laws  we  must  see  to 
it  that  our  people,  and  especially  those  directly  concerned,  should  have  all  the  infor- 
mation necessary  to  a  correct  understanding  of  the  merits  of  the  question.  This  can 
be  done  more  effectually  by  the  official  chemists  in  their  various  reports,  bulletins, 
and  lectures  at  farmers'  institutes  than  in  any  other  way,  because  the  people  have 
confidence  in  us,  and  know  that  our  aim  is  for  the  greatest  good  of  the  greatest  num- 
ber, and  that  we  have  no  special  ax  to  grind. 

There  should  also  be  a  movement  to  prohibit  the  misnaming  of  fertilizers;  such  as 
the  term  guano  for  an  artificial  mixture  of  phosphoric  acid,  nitrogen,  and  potash, 
and  the  use  of  the  term  dissolved  bone,  for  dissolved  phosphate  rock.  I  know  the 
association  has  no  power  in  this  matter  save  that  of  influence,  but  its  strength  as  a 
scientific,  conscientious,  and  conservative  bodj',  having  the  best  interests  of  the  peo- 
ple at  heart,  is  recognized  throughout  the  country,  and  it  is  therefore  expected  to 
take  the  initiative  in  all  lines  of  work  with  which  the  official  chemist  has  to  deal. 

In  this  connection  how  prophetic  sounds  a  statement  made  in  1889  by  our  lamented 
associate.  Dr.  J.  A.  Myers,  in  his  address  as  president  of  the  association: 

If  this  association  continues  to  maintain  its  proper  attitude  and  high  sense  of  the 
responsibilities  resting  upon  it,  we  may  safely  say  that  the  time  is  not  far  distant 
when  its  deliberations  will  virtually  become  the  law  regulating  the  sale  of  nearly 
every  agricultural  and  food  product  offered  in  our  cities. 

The  growth  of  the  association  in  amount  of  work  and  in  numbers  has  kept  pace 
with  the  importance  of  its  mission.  In  1893  there  were  seven  reporters  oh  the  vari- 
ous subjects  then  under  consideration,  and  these  are  still  before  the  association,  but 
the  subjects  have  been  enlai^ged  and  the  number  increased  until  now  we  have  eleven 
referees  and  thirty-four  associates,  and  still  the  work  and  responsibilities  multiply. 
We  are  to  have  at  this  meeting  reports  by  the  various  associate  referees  on  food  adul- 
teration, a  comparatively  new  subject  underta'ken  by  the  association  only  a  year  or 
two  ago.  This  is  the  beginning  of  our  work  toward  the  adoption  of  uniform  meth- 
ods of  analysis  and  standards  for  food  products,  and,  as  stated  before,  the  results  of 
this  work  will  be  used  in  the  execution  of  a  national  pure-food  law  when  passed. 

But  with  all  the  increased  amount  of  work  that  is  being  done  there  is  still  a  great 
deal  more  ahead  of  us.  If  we  exi)ect  to  live  and  grow  we  must  enlarge  our  work 
and  our  responsibilities;  we  must  not  stand  still  and  live  on  what  has  been  done. 
More  investigation  work  is  needed,  and  each  and  every  member  of  the  association 
should  feel  it  his  duty  to  do  something  each  year,  either  as  an  individual  worker  on 
some  special  line  or  in  assisting  the  referees  in  their  efforts  to  improve  and  add  to 
our  present  methods  of  analysis. 

In  looking  over  the  list  of  members  who  have  attended  our  last  two  meetings,  the 
eighteenth  and  nineteenth  annual  conventions,  we  find  there  were  present  at  the 
former  meeting  118  and  at  the  latter  100  members.  How  many  of  these  took  an 
active  part  in  the  work  of  assisting  our  referees?  The  largest  number  working  on 
any  one  subject  is  about  twelve,  and  on  the  subjects  of  soil  and  insecticides  only  about 
four  or  five.  This  looks  like  lack  of  interest  in  the  referees*  work.  Of  course,  it  is 
not  expected  that  everyone  will  do  work  for  all  the  referees,  but  it  is  expected  that 
everyone  will  do  some  work  each  year  on  some  one  or  more  of  the  subjects  under 
consideration  by  the  association. 

Another  point  of  interest  in  connection  with  our  last  two  meetings  is  the  small 
amount  of  time  given  to  discussion.  The  opportunity  for  discussing  the  various  lines 
of  work  on  the  floor  of  the  convention  is  very  important,  adding  greatly  to  a  better 
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understanding  of  the  qpestions  at  issue,  and  increasing  materially  the  attractiveneas 
of  our  meetings.  I  think  too  much  of  the  discussion  is  reserved  for  the  yarious 
committees  who  have  the  several  subjects  in  charge.  I  have  no  doubt  they  would  be 
very  glad  to  be  relieved  of  some  of  the  discussion,  and  have  the  greater  part  presented 
before  the  whole  convention.  The  committee  could  then  take  the  question  under 
advisement,  and  if  any  additional  facts  are  needed  before  submitting  the  reix>rt  to 
the  whole  body,  they  could  be  called  for.  The  convention,  having  heard  the  discus- 
sion of  a  question,  would  be  better  able  to  vote  intelligently  on  the  committee's  report 
It  would  not  then  be  necessary,  as  is  often  the  case  now,  for  members  continually  to 
interrupt  the  chairman  making  the  report  by  asking  questions. 

I  would,  therefore,  plead  for  more  discussion  on  the  floor  of  the  convention;  and  in 
order  to  give  time  for  this  would  suggest  that  each  referee  in  making  his  report  be  as 
clear  and  concise  as  possible,  only  reading  such  figures  as  are  necessary  to  a  clear 
understanding  of  the  questions  under  consideration.  It  is  not  necessary  to  read  the 
results  obtained  by  the  different  analysts,  especially  when  in  many  cases  the 
members  have  the  table  in  question  before  them. 

I  would  also  recommend  to  the  consideration  of  the  association  the  question  of  the 
adoption  of  a  uniform  method  of  statement  of  results  on  all  the  subjects  which  we 
have  under  consideration.  It  is  hardly  necessary  for  me  to  say  how  this  would 
benefit  us  in  our  work.  We  all  know  how  much  difficulty  we  have  when  we  are 
looking  up  results  for  comparison  or  getting  up  a  compilation.  We  find  results  given 
in  so  many  different  ways  and  forms  that  it  takes  considerable  work  to  figure  them 
out,  and,  indeed,  many  results  can  never  be  used  because  sufiicient  data  is  not  at 
hand  to  make  calculations.  I  would  also  recommend  that  a  change  be  made  in  the 
temperature  at  which  our  measuring  apparatus  is  graduated.  The  temperature  at 
present  used,  in  nearly  all  cases,  is  15.5°  C.  This  is  very  much  below  room  temperar 
ture,  and  often  requires  the  cooling  of  solutions— a  troublesome  process,  consuming 
considerable  time.  It  seems  to  me  that  it  would  be  of  decided  value  to  us  if  a  tem- 
perature were  adopted  which  w^ould  more  nearly  correspond  to  the  temperature  of 
our  laboratories,  which  is  usually  about  20°  C. 

In  conclusion  I  wish  to  renew  a  recommendation  that  was  made  last  year  by  the 
last  president,  but  which  was  not  acted  upon;  that  is  to  have  the  association  consider 
the  advisability  of  publishing  Battle  and  Dancy's  chemical  conversion  tables  for  the 
use  and  convenience  of  our  members.  These  tables  are  now  out  of  print,  and  I 
understand  that  the  authors,  if  given  proper  credit  for  the  same,  are  perfectly  will- 
ing for  the  association  to  make  such  use  of  them  as  it  may  desire. 

APPOINTMENT  OF  COMMITTEES. 

The  President.  The  appointment  of  committees  is  in  order,  and  I 
will  make  the  following  appointments: 

Committee  to  wait  on  the  Secretary  and  Assistant  Secretary  of 
Agriculture:  Messrs.  Winton,  Street,  and  Penny,  Doctor  Munroe, 
dean  of  Columbian  University,  and  the  president  of  the  association. 

Committee  on  resolutions:  Messrs.  Kilgore,  H.  B.  McDonnell,  and 
Jones. 

Committee  on  nominations:  Messrs.  Wheeler,  Frear,  and  Boss. 

Committee  on  amendments  to  the  constitution:  Messrs.  Patterson, 
Hills,  and  Magruder. 

If  there  is  no  objection  I  will  appoint  the  same  number  of  commit- 
tees on  recommendations  of  referees  as  were  named  last  year. 
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Committee  A  (phosphoric  acid,  potash,  nitrogen,  soils,  ash,  and 
insecticides):  Messrs.  Hartwell,  Ross,  Hopkins,^  and  Kilgore. 

Committee  B  (dairy  products,  foods  and  feeding  stuffs,  sugar,  and 
tannin):  Messrs.  Patrick,  Withers,  Van  Slyke,  and  Kerr. 

Committee  C  (food  adulteration):  Messrs.  Leach,  Munson,  Penny, 
and  Eaton.^ 

The  Pkbsident  (continuing).  The  report  of  the  referee  on  food 
adulteration  is  in  order. 

BEPOKT  OH  FOOD  ADULTEEATIOH. 
By  W.  D.  BiGELow,  Referee. 

Heretofore  the  work  on  food  adulteration  has  been  lai^gely  done  in  committee,  as 
you  remember,  and  the  action  of  the  committee  only  has  been  reported  to  the  asso- 
ciation as  a  whole.  It  was  necessary  to  do  this  because  of  the  great  amount  of 
material  that  had  to  be  gone  over  every  year,  much  of  which  was  attended  to  by 
correspondence,  and  even  a  small  committee  required  two  days  at  least,  and  some- 
times more,  to  cover  the  ground.  This  year  it  was  considered  that  we  had  reached 
the  point  where  the  work  could  be  taken  up  in  the  association,  and  a  number  of 
reports  have  been  prepared  by  subreferees.  Unfortunately,  in  many  cases  the  sub- 
referees  have  not  been  able  to  present  a  report,  owing  to  the  fact  that  it  was  impossi- 
ble to  secure  collaboration  over  the  entire  field.  No  report  has  been  received  for 
saccharine  products — wine,  beer,  vinegar,  baking  powder,  cereal  products,  infont 
foods,  vegetables,  tea,  and  coffee.  Considerable  work  has  been  undertaken  on  cereal 
products,  but,  with  the  exception  of  one  paper  which  will  be  presented  here,  noth- 
ing has  been  completed,  ready  to  report.  One  paper  by  Mr.  Chamberlain,  relating 
to  the  separation  of  the  nitrogenous  constituents  of  flours,  while  prepared  uk  con- 
nection with  the  work  on  cereal  products,  would  be  more  properly  presented  in  con- 
nection with  the  report  on  the  separation  of  nitrogenous  bodies,  the  study  of  the  v^- 
etable,  meat,  and  milk  and  cheese  proteids  having  been  assigned  to  a  special  referee 
by  the  association  two  years  ago.  Also,  work  that  was  taken  up  by  the  referee  on 
food  adulteration  a  couple  of  years  ago,  and  has  been  continued  this  year  both  by 
Mr.  Grindley,  on  meat,  and  in  the  food  laboratory  of  the  Bureau  of  Chemistry  on 
meat  extracts,  is  to  be  reported  at  this  meeting,  but  will  probably  come  under  the 
report  on  the  separation  of  nitrogenous  bodies  also,  although  the  work  was  b^^n  in 
connection  with  the  food  methods,  and  has  been  largely  conducted  under  that  heading 
until  the  last  year. 

I  would  suggest  that  the  various  associate  referees  now  take  up  the  questions  that 
have  been  assigned  to  them  in  their  order.  In  regard  to  the  subject  of  colors, 
which  comes  first  on  the  list,  I  have  a  provisional  report  to  submit  from  Mr.  Berry, 
who  has  one  of  the  most  difficult  subjects  and  has  made  a  good  beginning,  but 
was  unable  to  attend  the  meeting. 

BEPOBT  ON  OOLOS& 
By  W.  G.  Bebby,  As90ciate  referee. 

Owing  to  the  large  amount  of  work  necessary  for  the  preparation  of  a  complete 
and  systematic  r6sum6  of  the  subject  of  colors  in  connection  with  food  stuffs,  and  the 
failure  of  collaboration,  I  am  unable  to  present  a  finished  report  on  the  subject,  and 
desire  therefore  to  defer  the  final  report  until  next  year.    The  following  synopsis  of 


a  Mr.  Grindley  was  later  appointed  in  the  place  of  Mr.  Hopkins. 
^Mr.  Hird  was  later  appointed  in  the  place  of  Mr.  Eaton. 
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the  subject,  with  extracts  from  the  incompleted  work  in  hand,  will  give  some  idea 
of  the  manner  in  which  the  subject  will  be  treated. 

It  is  suggested  that  the  members  of  the  association  be  iiivited  to  do  what  original 
work  their  time  may  permit  of,  on  the  points  suggested  below,  and  communicate 
their  results  to  the  associate  referee  during  the  ensuing  year,  for  incorporation  in  the 
final  report. 

(1)  Solubility  of  the  coal  tar  and  vegetable  dyes  in  various  solvents  (ether,  acetic 
ether,  petroleum  ether,  methyl  and  ethyl  alcohols,  acetone,  etc. )  arranged  accord- 
ing to  their  solubility — as  easily  soluble,  difficultly  soluble,  and  insoluble. 

(2)  Extractive  values  of  the  various  solvents  for  dyes  in  neutral,  acid,  and  alkaline 
solutions. 

(3)  Characteristics  of  the  coloring  matters  as  contained  in  fresh  fruits,  vegetables, 
wines,  etc.,  with  reagents  and  solvents,  and  dyeing  proixjrties. 

(4)  Testing  such  new  schemes  as  may  appear  in  the  various  chemical  journals,  or 
have  appeared  during  the  last  few  years. 

Synopsis  op  Report  on  Coloring  Matters  in  Food  Stuffs. 

For  convenience  in  handling,  the  subject  will  be  treated  in  a  systematic  arrange- 
ment under  the  following  headings,  viz: 

I.  Remarks  in  general  on  coloring  matters  liable  to  be  present  in  food  stuffs. 
II.  Colors  to  be  considered.  ' 

(a)  Coal-tar  colors,  with  their  composition,  commercial  designations,  and 

synonyms. 
(6)  Vegetable  colors;  their  botanical  origin,  common  names,  etc. 

(c)  Mineral  colors  and  pigments. 

(d)  Organic  lakes. 

III.  Harmless  and  harmful  colors  and  dyes,  so  far  as  known, 

IV.  Commercial  coloring  compounds. 

V.  Grouping  of  food  stuffs  into  general  classes  for  examination,  as  follows: 

1.  Butter,  oils,  milk,  cheese,  etc. 

2.  Nitrogenous  foods. 

(a)  Flesh  foods. 

(6)  Canned  vegetables. 

(c)  Beer,  malt  liquors,  etc. 

3.  Starch  foods  (noodles,  macaroni,  et<:.). 

4.  Vin^ar. 

5.  Confectionery. 

6.  Wines  and  spirituous  liquors,  fruit  sirups,  etc 

7.  Brandy,  liqueurs,  etc. 

8.  Tea,  coffee,  spices,  etc. 

9.  Medicinal  preparations. 

10.  Cosmetics,  soaps,  etc. 

11.  Miscellaneous  material  (tags,  paper  linings,  etc.). 
Each  class  will  be  treated  under  the  following  heads: 

(a)  Natural  or  artificial  coloring. 


b)  Mineral  or  organic  coloring. 

(c)  General  methods  in  detail  for  detecting  the  or^^nic  coloring  matter, 
and,  if  possible,  isolation  of  same  for  identification  by  tabular  schemes. 

(d)  Special  tests  for  colors. 

VI.  Each  of  the  eleven  classes  in  detail  under  heads  as  given  in  V. 
VII.  Original  work  in  behavior  of  coloring  matters  with  solvents  and  reagents. 
VIII.  Tabular  schemes  for  the  identification  of  the  isolated  coloring  matters. 
IX.  Addenda  (what  colors  allowed,  laws,  etc.). 

I. — remarks,  etc. 

The  field  of  color  chemistry  is  very  large,  and  the  chemist  in  general  analytical 
practice  often  neglects  it  owing  to  the  vast  amount  of  time  and  patience  required  for 
an  intelligent  understanding  of  the  subject.  Much  good  work  has  been  done  toward 
establishing  methods  for  the  recognition  of  coloring  matters  in  food  staffs,  but  with 


Digitized  by 


Google 


15 

the  data  at  present  available  for  such  work  the  individual  operator  will  find  himself 
called  upon  to  exercise  his  own  judgment  and  apply  his  own  experience  to  the  sub- 
ject-matter in  hand. 

The  introduction  of  coal-tar  dyes  into  the  field  of  food  stuffs  complicates  enormously 
the  scope  of  the  work  to  be  covered  in  an  examination  of  artificial  coloring.  Were 
it  i)08Bible  to  limit  the  examination  to  a  certain  number  of  colors,  the  work  would  be 
materially  simplified,  but  no  sooner  has  the  analyst  perfected  color  schemes  and 
tabulated  reactions  for  the  identification  of  such  colors  when  new  ones  are  found, 
and  render  previous  schemes  to  a  certain  extent  unreliable  and  necessarily  subject  to 
alteration. 

Hence  the  most  that  can  be  hoped  for  is  to  establish  general  methods  for  deter- 
mining whether  artificial  coloring  has  been  resorted  to,  and  if  so,  whether  the  color- 
ing matter  is  of  mineral,  vegetable,  or  coal-tar  origin.  This  fact  having  been 
established,  special  methods  must  be  applied  for  the  separation  and  identification  of 
the  individual  coloring  matters,  often  complicated  by  the  presence  of  mixtures  of 
several  coal-tar  colors,  rendering  color  reactions  useless  until  each  of  the  separate 
colors  has  been  isolated.  The  synopsis  given  is  intended  to  be  an  outline  of  methods 
for  the  examination  of  food  stuffs,  to  be  elaborated  and  extended  in  the  future. 

The  food  chemist  may  be  called  upon  for  an  examination  of  the  coloring  matters 
and  commercial  preparations  used  for  coloring  foods,  and  for  the  examination  of 
foods  for  the  presence  of  artificial  colorings,  identification  of  the  added  color,  and 
the  presence  of  poisonous  metals  due  to  the  latter.  He  may  also  be  called  upon  for 
an  opinion  as  to  the  toxic  or  nontoxic  character  of  the  coloring  matter,  which  not 
only  requires  an  examination  for  poisonous  metals  present,  as  lakes  and  pigments, 
but  in  addition  the  determination  of  the  presence  of  poisonous  metals  due  to  impuri- 
ties, the  identification  of  the  color  or  colors,  and  a  knowledge  of  the  toxic  effects  of 
the  pure  color  per  se. 

An  examination,  therefore,  of  the  colors  and  preparations  employed  involves  the 
identification  of  the  heavy  metals  present,  the  nature  of  the  color  entering  into  the 
lake,  whether  vegetable  or  of  coal-tar  origin,  its  identification,  and,  in  the  case  of 
mixed  colors,  their  separation  and  identification,  and,  lastly,  the  presence  of  poisonous 
metals  as  impurities  in  the  coal-tar  dyes,  or  their  presence  as  inherent  constituents  of 
the  colors  themselves. 

Many  of  the  colors  contain  metallic  constituents,  as  in  the  triphenylmethane 
derivatives,  especially  the  greens,  such  as  malachite  green,  iodin  green,  ethyl  green, 
victoria  green,  etc.,  which  contain  a  double  chlorid  of  zinc  in  combination  with  the 
organic  matter.  Some  of  the  acridines  and  thiazines  also  contain  zinc  and  naphthol 
green  B  contains  iron. 

In  the  preparation  of  the  coal-tar  dyes  many  become  contaminated  with  arsenic, 
copper,  zinc,  tin,  lead,  etc.,  from  the  use  of  these  metals  and  their  salts  during  the 
process  of  manufacture.  Sulphuric  acid  being  used  in  some  stage  of  the  process  of 
manufacture  of  nearly  all  the  dyes,  introduces  the  danger  of  arsenic  being  present. 
Hence  all  dyes  used  for  artificial  coloring,  which  in  themselves  are  harmless,  may 
become  injurious  from  the  presence  of  these  poisonous  ingredients,  unless  highly 
purified. 

While  alum  lakes  of  the  vegetable  colors  are  in  general  harmless,  the  presence  of 
lakes  of  tin,  antimony,  etc.,  should  be  carefully  guarded  against 

The  vegetable  colors  should  be  examined  for  the  presence  of  coal-tar  dyes  of  a 
dangerous  nature,  and  for  other  vegetable  colors  and  substances  and  inert  mineral 
matter  added  for  cheapening. 

The  examination  of  the  food  stuffe  themselves  necessitates  determining  whether 
the  coloring  is  due  to  natural  or  artificial  means,  and,  if  the  latter,  the  color  or  colors 
must  be  separated  and  an  examination  of  the  material  made  for  heavy  metals. 

In  regard  to  the  toxic  effects  of  the  purified  coal-tar  dyes,  the  chemist  must  rely 
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upon  the  experiments  and  conclusions  of  investigators  in  this  line  of  work,  and  should 
hesitate  to  express  an  opinion  on  a  new  color  without  a  physiological  test  upon  living 
organisms.  The  experiments  of  Konig,  Weyl,  and  others  should  be  consulted  on 
this  subject 

The  methods  of  separating  the  colors  from  the  material  to  be  examined  by  the  use 
of  solvents  involves  the  separation  of  the  natural  colors  at  the  same  time,  and  these 
must  first  be  isolated  before  identification  tests  can  be  applied.  This  fact  naturally 
necessitates  a  very  comprehensive  knowledge  of  the  color  reactions  and  the  behavior 
of  the  natural  colors  with  reagents.    Complete  data  on  this  subject  are  as  yet  wanting. 

The  coal-tar  dyes  may,  in  general,  be  most  satisfactorily  separated  by  the  double- 
dyeing  method,  with  or  without  previous  extraction  with  solvents,  as  the  case  may 
be,  and  in  some  cases  may  be  identified  directly  by  tests  on  the  dyed  fabrics,  or  more 
accurately  by  being  removed  from  the  fabric  and  subjected  to  purification.  Great 
care  and  judgment  must  be  exercised  in  applying,  the  color  reactions  and  arriving 
at  a  conclusion  therefrom,  as  the  presence  of  more  than  one  dye,  or  some  organic 
impurity,  will  lead  to  erroneous  results.  Several  means  of  identification  should  be 
tried  and  a  conclusion  drawn  only  when  the  analyst  is  perfectly  satisfied  of  the 
identity  of  the  dye. 

Many  of  the  results  obtained  in  the  determination  of  a  dye  have  been  rendered 
ambiguous,  owing  to  confusion  of  names  applied  to  the  same  dye,  and  the  analyst 
should  always  make  a  point  of  identifying  any  particular  dye  by  giving  the  name  of 
the  original  manufacturers,  so  that  its  composition  may  be  known.  As,  for  instance, 
Orange  G  might  be  either  of  the  following,  in  default  of  a  distinguishing  mark,  viz : 

Orange  G  (C.  J.  )•  Anilin  azo  fl  naphthol. 

Orange  G  (B).  Anilin  azo  2  naphthol,  6.8  disulphoacid  sodium  salt 

Orange  G  (H).  Sulphanilic  acid  azo  ft  naphthol  sodium  salt. 

As  a  guide  to  the  food  analyst,  a  compilation  is  given  below  of  the  vegetable  and 
animal  colors,  lakes,  and  pigments,  and  the  coal-tar  dyes,  with  their  synonyms,  which 
he  may  be  called  upon  to  examine.  Many  of  the  old  vegetable  colors  have,  of 
course,  been  discarded  for  the  coal-tar  dyes  now  so  universally  employed. 

V. — FOOD  SnrUFFB,  KTC. 

1,  Buttery  oils,  milk,  cheese,  etc. 

The  natural  coloring  matter  of  milk  is  lactochrome,  which  may  be  precipitated 
from  milk  whey  by  nitrate  of  mercury  in  bright,  red-orange,  resin-like  masses,  soften- 
ing at  100®  C,  freely  soluble  in  water  and  hot  alcohol,  separating  from  the  latter  on 
cooling  (Blyth).  Cholesterin  occurring  in  milk  is  soluble  in  hot  alcohol,  ether,  car- 
bon disulphid,  and  chloroform,  and  when  treated  with  five  parts  sulphuric  acid  to 
1  part  water  it  is  colored  red,  then  violet  (Moleschott's  test) ;  and  with  1  part  sul- 
phuric acid  to  1  part  chloroform,  is  colored  blood  red,  violet,  or  purple  (Salkowski's 
test).' 

The  coloring  matter  of  some  plants  when  eaten  imparts  color  to  milk  of  cows,  as 
follows:' Marsh  marigold,  yellow;  dyer's  madder,  red;  and  true  fbi^tmenot  and 
knotweed,  blue. 

Certain  bacteria  develop  a  blue  color  in  milk,  which  turns  cherry  red  on  addition 
of  caustic  alkalis,  and  returns  blue  on  adding  adds. 

Added  vegetable  colors  present  may  be  derived  from  safflowers,  carrot  juice, 
marigold  fiowers,  celandine,  buttercups,  turmeric,  annatto,  etc. 

Coal-tar  colors  present  may  be  spirit  yellow  R,  nitrosamin  red,  anrantia,  methyl 
orange,  orange  IV,  phosphine,  picric  acid,  Martins  yellow,  Mikado  yellow.  Mikado 
gold  yellow,  naphthol  yellow  S,  amidoazobenzol,  butter  yellow  (benzine-azo-dimethyl- 
anilin),  naphthol  yellow  RS,  Victoria  yellow,  coralline  yellow,  anilin  yellow  (amido- 
azo-benzol-hydrochlorid),  add  yellow,  diazo-benzine,  etc 
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Color  preparations  are  carottine,  a  solution  apparently  of  1  part  annpttd  in  4  parts 
of  oil,  turmeric  taking:  the  place  sometimes  of  the  annatto;  orantia,  a  mixture  of 
annatto,  sodium  carbonate,  and  water,  etc.  ^ 

(a)  Butter,  fats,  oils,  etc.  (fresh). 

Added  coal-tar  colors  will  be  present,  with  few  exceptions,  in  the  form  of  non- 
salphonated  bases,  and  will  be  indicated  by  the  test  of  Bujard  and  Baier.  '>  From 
2  to  3  grams  of  fat  are  dissolved  in  5  cc  of  ether  and  shaken  with  5  cc  of  concen- 
trated hydrochloric  acid  (1.125).  If  coal-tar  colors  are  present  the  solution  is  col- 
ored decidedly  red.'  ** Butter  yellow,"  however,  colors  hydrochloric  acid  (1.19) 
only  slightly  or  not  at  all. 

J.  Vandriken*'  states  that  pure  butter  is  completely  decolorized  by  amyl  nitrite. 
Proceed  as  follows: 

1.  Amyl  nitrite  (acid), — To  2  cc  of  filtered  butter  is  added  an  equal  volume  of 
ether  in  a  test  tube.  To  this  6  to  10  drops  of  amyl  nitrite  are  added  and  then  shaken. 
Pure  butter  is  decolorized  at  once.  If  unfiltered  butter  is  used  more  reagent  must  be 
employed,  and  usually  slightly  warmed. 

2.  Nitrous  ether,— To  2  cc  filtered  butter  add  2  cc  of  ether,  then  26  to  30  drops  of 
nitrous  ether,  and  shake  vigorously.  The  decolorization  takes  place  more  slowly 
than  with  amyl  nitrite.  Carotin  is  not  decolorized,  saffron  is  only  slightly  altered, 
turmeric  is  not  decolorized,  and  annatto  is  not  decolorized. 

LeetTs  method  is  given  in  detail  in  the  Analyst.^  In  using  this  method,  if  the 
butter  has  become  rancid  the  acid  water  from  the  petroleum-ether  extract  must  be 
tested  for  reduced  coal-tar  dyes  as  given  under  milk. 

Special  testa  for  saffron,  turmeric,  marigold,  and  annatto  are  given  by  Martin; «  for 
carotin,  by  Moore;/  and  for  caramel,  by  Leach.  ^  These  methods  are  given  in  detail, 
and  in  various  authorities  special  tests  may  be  found  for  saffron,  turmeric,  carotin, 
and  rocou. 

(b)  Milk  (fresh). 

Leaches  method  is  given  in  detail  in  the  Journal  of  the  American  Chemical  Society.* 

(c)  Milk  (sour). 

Blyth^s  method  is  given  in  detail  in  the  Analyst.*  This  method  is  important  for 
detecting  the  presence  of  coal-tar  dyes  which  have  been  reduced  to  colorless  com- 
pounds due  to  fermentation. 

(d)  Cheese. 

Extraction  with  hot  alcohol  for  coal-tar  dyes.  Shake  with  petroleum  ether  for 
nonsulphonated  and  vegetable  colors  and  proceed  as  with  butter  and  milk. 

(e)  Schemes. 

Some  special  color  reactions  tabulated  for  vegetable  and  coal-tar  dyes  occurring  in 
the  above  class  of  foods. 


fl  Allen,  Com.  Org.  Anal.  1889,  3:  356. 

ft  Hilfsbuch  fiir  Nahrungsmittelchemiker,  p.  144. 

<JChem.  Ztg.  Rep.  1901,  p.  106. 

tf  Vol.  13,  p.  150. 

«  Analyst,  12:70. 

/Analyst.  11:  163. 

gZ.  Amer.  Chem.  Soc,  20:  207. 

hZ.  Amer.  Chem.  Soc,  1900,  p.  207. 

i  Analyst,  1902,  p.  146. 
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The  President.  If  there  is  no  discussion  the  report  of  the  associate 
referee  on  distilled  spirits  will  be  received. 

EEPOET  OH  DISTILLED  8PIEIT8. 
By  C.  A.  Crampton,  Associate  referee. 

Under  date  of  June  10,  1903,  the  associate  referee  sent  the  following  circular  letter 
to  six  chemists  whose  names  had  been  suggested  as  likely  to  undertake  work  on 
liquors: 

Dear  Sir:  Concerning  the  collaborative  work  for  the  Association  of  Official  Agri- 
cultural Chemists,  upon  distilled  spirits,  in  which  you  have  expressed  a  willingness 
to  take  part,  you  are  informed  as  follows: 

The  most  important  inquiries  to  be  answered  in  judging  of  the  character  of  a 
sample  of  distilled  Bf)irits  are: 

(1)  Does  it  contain  ingredients  deleterious  to  health?  This  is  determined  by 
the  tests  for  f urf urol,  and  adventitious,  harmful  additions,  and,  to  some  extent,  by  the 
estimation  of  fusel  oil. 

(2)  Is  it  genuine  or  factitious? — i.  e.,  does  it  owe  its  flavor  and  color  to  a  long 
period  of  aging  in  wooden  vesssels  or  haci  it  been  made  from  neutral  or  colore 
spirits  by  adding  coloring  matter,  or  artificial  flavoring,  or  both.  The  determination 
of  the  amount  and  character  of  the  solid  matter  present  usually  affords  the  answer 
to  this  question,  supplemented  by  tests  for  artificial  coloring  matter.  By  far  the 
greater  part  of  the  spirits  consumed  in  this  country  is  of  the  latter  class,  which  is, 
doubtless,  as  healthful  as  the  former  class,  but  a  much  cheaper  product.  The 
difficulties  of  discriminating  between  the  two  are,  of  course,  greatly  increased  in  the 
case  of  a  mixture. 

On  account  of  the  small  number  of  chemists  who  have  offered  to  collaborate,  I 
have  not  thought  it  advisable  to  send  out  identical  samples.  Samples  of  genuine 
spirits  can  be  readily  obtained  in  the  shape  of  goods  ** bottled  in  bond,"  sold  under 
a  strip  stamp  which  covers  the  cork  of  the  bottle,  and  which  gives  the  s^  of  the 
spirits.  Samples  of  factitious  spirits  can  he  made  up  by  the  analyst  himself,  or 
obtained  in  the  shape  of  cheap  rectified  spirits.  Genuine  spirits  are  not  all  neces- 
sarily covered  by  a  warehouse  stamp;  some  very  expensive  whiskies  are  made  by 
blending  different  varieties,  which  can  not  be  done  in  bond. 

The  nature  and  number  of  the  estimations  to  be  made  I  will  also  leave  to  the  judg- 
ment of  the  individual  operator.  I  would,  however,  recommend  the  careful  anal^rsis 
of  a  few  samples,  including  all  the  usual  determinations,  rather  than  the  application 
of  a  few  estimations  to  a  large  number  of  samples.  The  determination  of  extract  or 
total  solid  matter  in  a  large  series  of  samples  of  known  purity  would,  however,  be  of 
value  in  establishing  a  standard,  and  I  should  like  to  have  such  results. 

In  a^idition  to  the  determinations  described  on  pages  96  to  98,  Bulletin  No.  66, 
Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture,  Provisional  Methods,  etc.,  I 
would  recommend  the  determination  of  the  copper  oxid  reducing  power  and  its 
expression  as  a  ratio  of  the  per  cent  of  extract,  also  the  solubility  in  boiling  water  of 
the  extract  (a  method  recently  published  by  Lasche  and  Kiesslich  in  the  Brewer- 
Distiller,  1903,  1),  expressed  in  the  same  way.  As  an  alternative  method  under 
**11. — Determination  of  coloring  matter'*  besides  the  paraldehyde  and  ether  solu- 
bility tests,  I  would  be  glad  to  nave  the  fuller's  earth  absorption  test  subjected  to 
examination  (Crampton  and  Simons,  Journal  of  the  American  Chemical  Society,  1899, 
21:  355),  and  will  furnish  asuflicient  quantity  of  the  fuller's  earth  use4  in  this  labora- 
tory for  that  purpose,  if  notified. 

Please  do  not  hesitate  to  &«<k  for  any  additional  assistance  or  suggestions  concern- 
ing the  work,  if  you  so  desire;  the  small  number  of  chemists  participating  renders 
the  work  of  correspondence  comparatively  light. 

Your  report,  containing  results  and  suggestions,  should  be  sent  in  not  later  than 
September  1. 

Only  two  reports  were  received,  namely,  those  of  Messrs.  Pilhashy  and  Sawyer. 
Both  contain  valuable  analytical  data  and  suggestions,  and  are  given  in  full. 

Report  of  H.  E.  Sawyer,  Boston,  Mass. 

A  tabular  statement  of  the  results  obtained  in  the  collaborative  association  work 
on  distilled  spirits  is  appended.  Report  is  made  at  this  time  on  15  samples — 2  of 
** French"  spirit,  at  proof  strength,  such  as  is  used  here  for  splitting  genuine  goods; 
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4  of  onr  new  ram,  taken  at  time  of  drawing;  4  of  oar  old  ram,  taken  from  original 
packages:  and  5  of  goods  which  were  supplied  by  retail  dealers  in  Boston  apon 
aemand  tor  old  pure  ram  for  medicinal  use.  As  all  of  the  official  analytical  methods 
could  not  be  t^ted,  those  which  seemed  likely  to  be  most  significant  were  tried, 
leaving  those  which  promised  less  for  later  examination.  The  extract  and  fusel-oil 
determinations,  not  reported  here,  are  under  way.  The  methods  tested  are  those 
for  acids  (free  and  comUned),  aldehydes,  furfurol,  and  coloring  matter.  Concern- 
ing them  the  following  comments  and  suggestions  are  made: 

AddSf  free  and  combined. 

Ckxaudonally  samples  of  new  rum  contain  more  or  less  carbonic  acid,  which  will 
raise  the  apparent  percentage  of  acetic  acid  when  decinormal  soda  and  phenol- 
phthalein  are  used  for  titration.  Also,  it  is  very  difficult,  when  working  close  to  a 
fermenting  room,  to  protect  solutions  against  the  carbonic  acid  of  the  atmosphere.  On 
this  account  baric  hydrate  was  tried  in  place  of  a  caustic  alkali.  So  far  as  could  be 
determined  with  a  few  analyses,  it  works  very  well.  One's  attention  is  called  imme- 
diately to  the  presence  of  CO,;  and,  in  addition,  certain  differences  are  perceptible 
between  the  deportment  of  genuine  and  colored  goods.  Cold  saponification  is  also 
being  tried  in  place  of  boiling  under  reverse  cooler.  With  a  laree  number  of  samples, 
and  Bmited  desk  room,  it  is  believed  that  it  will  prove  to  be  advantageous. 

Aldehydes, 

So  far  the  writer  has  been  unable  to  Drei)are  aldehyde-free  alcohol,  and  on  this 
account  colorations  have  been  compared  with  an  arbitrary  scale  made  up  by  pro- 
gressive dilutions  of  a  fuchsin-methyl  violet  mixture.  Accordingly  the  aldehyde 
determinations  given  can  not  be  compared  with  those  of  other  workers,  but  are 
included  in  the  report  chiefly  because  they  show  a  distinct  increase  in  the  strength 
of  the  color  reaction  in  old  ram.  Four  samples  only  were  scaled— 2  new  and  2  old; 
but  more  than  a  dozen  other  samples  were  examined  comparatively,  and  without 
exception  the  older  ram  gives  the  stronger  reaction. 

The  Simon  trimethylamine-sodium,  nitroprussid  test  for  acetaldehvde  will  not 
work  in  ram,  although  in  a  prool  spirit  made  from  specially  pure  alcohol  it  was 
obtained. 

Furfurol, 

Furfurol,  like  the  aldehydes  in  general,  seems  to  increase  auring  storage,  but  it  is 
not  certain  whether  this  is  real  or  onlv  apparent.  I  am  inclined  to  believe  in  its 
reality^,  on  account  of  the  abundant  production  of  the  aldehyde  in  question  during  the 
charring  of  oak  wood.  It  is  intended  to  compare  some  uncharred  packages  with 
goods  o?  the  same  age  in  charred  barrels. 

But  it  may  be  that  there  is  an  apparent  difference,  due  to  the  presence  in  new  ram 
of  some  material  which,  in  part,  oDscures  the  furfurol  reaction.  On  adding  colorless 
c  p.  anilin  to  colorless  new  rum  a  pronounced  greenish-yellow  coloration  is  at  once 
developed.  The  same  thing  happens,  though  to  a  less  extent,  with  some  samples  of 
commercial  "proof  Bpirit^'^^such  as  the  rectifiers  use  for  splitting.  The  subsecjuent 
addition  of  acetic  acid  gives  rise  to  the  development  of  a  pinkish  coloration  which  is 
hard  to  estimate  quantitatively,  since  it  is  obscured  by  the  yellow,  and  in  addition  is 
very  fnsitive.    In  no  case  was  the  pink  component  of  a  new  rum  so  determined,  over 

5  mg  of  furfurol  per  proof  liter.  If,  however,  the  ram  be  redistilled  before  testing, 
the  yellow  tint  is  cut  down  materially,  the  pink  component  is  at  lea^t  doubled,  and 
the  red  coloration  is  rendered  far  more  permanent     (See  samples  5  and  6. ) 

Coloring  maiters. 

Both  of  the  association  methods  for  coloring  matter  were  tried,  using  fuller's  earth. 
With  an  earth  which  has  been  tested  against  several  samples  of  known  composition 
and  with  a  ^ood  tintometer  it  is  believed  that  a  very  close  determination  of  added 
caramel,  usmgtiie  two  methods  in  conjunction,  may  be  made. 

In  connection  with  the  matter  of  color,  it  is  suggested  that  the  extract  of  genuine 
itted  spirits  contains  a  good  deal  of  tannin,  whereas  that  of  factitious  liquors  is  not 
likelv  to.  ^  A  test  with  ferric  salts  may  be  of  value,  and  some  work  is  being  done 
on  tfiis  point 

Fusel  oil. 

The  official  method  has  been  inapplicable  in  my  laboratory  [Boston]  during  the 
Bominer  on  account  of   the  temperature   requirements.      Therefore,  the   Allen- 
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Marquardt  and  Beckmann  methods  are  being  used,  and  ultimately  it  is  hoped  to 
compare  the  better  of  them  with  the  official  method. 

The  work,  so  far,  has  led  to  the  conclusion  that  the  add  and  ester  determinations 
are  very  significant.  Their  indications  regarding  samples  11-15  are  fully  in  accord 
with  the  smell  and  taste  of  the  liquors. 

ResuUs  obtained  by  H.  E.  Sawyer, 


No. 

Sample. 

Proof. 

Add. 

Esters. 

Alde- 
hyde. 

Furfurol. 

Color  left 

after 

fuller's 

earth 

treatment 

Color 
removed 
by  ether. 

1 

Spirit 

100.0 
100.0 
100.0 
100.0 

112.4 

99.8 

100.5 
114.8 
116.3 
114.7 
100.0 
68.3 
89.7 
93.9 
86.7 

Oram 
per  100  cc. 

0.004 

0.001 

0.025 

0.037 

0.037 

CO.  076 

0.054 
0.078 
0.078 
0.082 
0.042 
0.018 
0.007 
0.023 
0.011 

Gram 
per  100  ce. 

0.004 

0.0004 

0.101 

0.127 

0.113 

0.084 

0.061 
0.146 
0.171 
0.162 
0.088 
0.022 
0.032 
0.156 
0.150 

Degree*. 
10 
10 

Gram 
per  100  cc. 

a0.0002 

a  Trace. 

aO.0006 

aO.0005 

|a0.0005 

{ftO.OOlO 

fciO.0005 

l&o.ooio 

PercaU. 

Percent. 

? 

....do 

\ 

3 

New  rum 

4 

....do 

....do 

....do 

Old  rum,  1902 

55 
55 

i 

b 

! 

6 

7 

34 
34 
34 
42 
11 
11 
11 
11 
11 
U 

33 

8 

Old  rum,  1899 

55 

9 

Old  rum  1896 ... 

65 
65 
55 
15 
30 

ft  0.0045 
«»0.0045 
b0.0022 
frO.0003 
ftO.0003 

55 

10 

Old  rum,  1893 

58 

11 
i2 

13  ■ 

14  ' 

Rums   bought    from 
retail  deaiere. 

None. 
None. 
None. 
None. 

15 

None. 

r Proof  flniiit  4-  caramel  to  old  mm  tint.1 . . 

""v;;::.:::::::::: 

None. 

1 

r       i " 

a  Furfurol  determinations  made  on  original  liquor. 
2> Furfurol  determinations  made  on  distillate. 
e  Much  CO2  present. 

Repokt  of  B.  M.  Pilh.\8HY,  Cincinnati,  Ohio. 

The  figures  given  in  the  following  table  are  for  100  cc,  100  proof.  The  extracts  in 
both  samples  a^ree  closely  as.  do  the  acidity  and  ethers.  The  ethers  were  determined 
first  in  the  original  goods,  the  acidity  being  first  neutralized.  The  titration  was 
made  with  phenolphthalein,  and  close  readings  were  difficult.  Determinations  were 
then  made  oy  distilling  as  for  volatile  acids  and  ethers  in  wine.  The  difference  is 
quite  apparent  and,  in  the  writer's  opinion,  can  hardly  be  due  to  the  indicator. 

ResuUs  by  B.  M.  PUhashy, 
[Figures  for  100  cc,  100  proof.] 


Extract. 

In  N/10  KOH. 

Copper  reduced. 

In  N/10  KOH . 

Date  of  inspection  and  proof. 

Acidity. 

Ethers. 

In  Ham- 
pie. 

In  ex- 
tract. 

Acidity 
after  dfe- 
tillaUon. 

Ethera 
after  dis- 
tillation. 

February,  1900  (prw^f  108.6) . . . 
October,  1900  (proof  109.0) 

0.1401 
.1400 

cc. 
11.0 
10.7 

cc. 
17.6 
19.7 

Grams. 

0.0491 

.0618 

Grams. 

0.0655 

.0606 

cc. 
4.7 
3.6 

cc. 
8.1 
8.0 

The  difference  between  the  copper  reduced  in  the  original  liquor  and  in  the  extract 
of  the  same  is  noticeable.  The  reverse  was  expected,  the  difference  to  be  attributed 
to  aldehyde  reduction. 
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These  resalta  are  hardly  to  be  believed,  and  the  work  will  be  repeated  as  soon  as 
possible.  Twenty-five  cubic  centimeters,  or  the  extract  from  an  equivalent  amount, 
were  boiled  for  35  minutes  with  Fehling's  solution.  This  method  was  tried  to  see  if 
a  reduction  figure  could  be  applied  to  the  solid  and  the  liquid  parts  separately  Fusel 
oil  was  not  determined,  owing  to  the  breaking  of  the  ai)paratu8. 

The  following  are  figures  for  new  goods,  i.  e.,  high  wines  as  barreled  at  101  proof: 

RemUs  obtained  on  new  goods,  101  proof. 


Date. 


Acidity 
(cc  N/10 
KOH). 


Ethers 
(cc  N/10 
KOH). 


Fiwel  oil. 


May  25. 
May  26. 
May  27. 
May  28. 
May  29. 
May  80. 
Jtinel. 
June  2 . 
June  8. 
June  4. 
June  5 . 
June  6 . 
June?. 
June  9. 
June  10 
June  11 
June  12 
June  13 


1.8 
2.1 
2.0 
2.2 
2.6 
1.8 
2.2 
2.6 
2.2 
2.2 
2.8 
2.0 
2.2 
2.4 
2.4 
2.8 
2.4 
2.0 


13.6 
15.4 
13.0 
13.  & 
U.2 
10.8 
12.4 
11.3 
12.4 
12.2 
12.4 
10.6 
14.2 
18.0 
11.6 
6.8 
7.6 
7.2 


ccperlOOcc. 
1.266 
1.80 


1.866 
1.68 
al.26 
1.18 
1.20 
1.28 
1.76 
1.25 
1.28 
1.88 
1.00 
1.11 
1.10 
1.86 


a  No  copper  reduction;  in  2  other  samples  no  copper  reduction  was  obtained. 

In  the  fusel  oil  determinations  21.42  cc  was  deducted  as  the  figures  for  the  GHC,4- 
GsHgO  increase.    This  is  taken  from  a  bulletin  and  not  verified. 

It  was  the  intention  of  the  referee  to  report  upon  a  line  of  experimental  work 
which  has  been  carried  on  in  his  laboratory  for  the  past  five  years  and  which  formed 
the  subject  of  a  preliminary  communication  to  the  American  Chemical  Society  at  its 
last  annual  meeting.  Pressure  of  work  in  other  lines,  however,  has  prevented  the 
completion  and  tabulation  of  results,  which  must  be  postponed  for  another  year. 
This  is  regretted,  as  there  are  many  points  which  will  probably  have  a  bearing  upon 
methods  of  analysis  when  worked  out,  although  the  line  of  experiment  is  primarily 
in  the  direction  of  the  establishment  of  composition  standards,  and  is  not  a  compari- 
son or  critical  study  of  methods. 

A  careful  study  of  the  provisional  methods  prescribed  by  the  association  for  the 
analysis  of  distilled  liquors  has  convinced  the  writer  of  the  desirability  of  modifying 
them  in  two  or  three  of  the  principal  determinations,  and  if  this  can  be  satisfactorily 
accomplished  it  will  probably  be  sufficient  progress  for  the  present  meeting. 

The  determination  of  alcohol,  for  instance,  seems  to  be  radically  defective  in  not 
providing  for  a  higher  dilution  of  the  liquor  before  distillation.  As  it  stands,  the 
method  would  give  a  distillate  containing  about  25  per  cent  of  alcohol,  which  is 
entirely  too  strong  and  must  inevitably  lead  to  loss  of  alcohol.  The  amount  taken 
for  the  determination  should  be  cut  down  at  least  one-half,  to  25  cc. 

The  referee  has  been  accustomed  to  weigh  rather  than  to  measure  the  portion 
taken,  using  glass-stoppered  weighing  fiasks.  This  is  done  in  all  cases  where  careful 
work  is  required,  and  only  in  this  way  can  close  agreement  in  results  be  attained. 
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Bboommbndations. 

It  is  therefore  recommended  that  the  method  as  given  in  the  provisional  methods 
for  the  analysis  of  foods  <>  he  modified  to  read  as  follows: 

(2)  Determination  of  alcohol:  Weigh,  or  measure  (at  15.6®  C.)  into  a  difftilling 
flask  20  to  25  CO  of  the  sample,  dilute  with  100  cc  of  water,  and  proceed  as  directea 
on  page  82.  The  sample  of  distilled  liquor  taken  for  the  detenmnation  of  alcohol  is 
dilut^  more  than  in  tne  case  of  wine,  because  of  the  errors  attending  distillates  high 
in  alcohol,  errors  due  to  evaporation  and  to  making  up  to  volume  at  temperato^ 
varying  slighUy  from  15.6°  C.  All  measurements  must  be  made  at  about  that 
temperature. 

The  next  determination,  that  of  extract,  seems  to  be  a  little  misleading,  as  the 
solid  residue  left  on  evaporation  by  most  spirits  is  too  small  in  quantity  to  become 
sirupy  in  consistence.  The  following  is  therefore  recommended  as  a  substitute  under 
"3.  Determination  of  extract,"  page  96. 

Weigh,  or  measure  (at  15.6®  C.)  100  cc,  evaporate  nearly  to  dryness  on  the  water 
bath,  then  transfer  to  a  water  oven  and  dry  at  the  temperature  of  boiling  water. 

The  determination  of  ash  may  be  allowed  to  stand. 

In  the  determination  of  acidity,  the  reconmiendation  of  Mr.  Sawyer  for  a  change 
from  sodium  hydroxid  to  a  barium  hydrate  solution,  for  titration,  is  deserving  of 
consideration.  While  it  has  not  been  tested  by  the  referee,  the  change  is  recom- 
mended on  account  of  the  advantages  Mr.  Sawyer  found  it  to  possess.  Therefore, 
substitute  the  following,  under  ^^3.  Determination  of  acidity,"  on  page  96: 

Titrate  100  cc  (or  50  cc  diluted  to  100  cc  if  the  sample  is  dark  in  color)  with  deci- 
normal  barium  hydrate,  using  phenolphthalein  as  indicator.  The  number  of  cubic 
centimeters  employed  is  multiplied  by  0.006  for  the  acidity  expressed  in  grams  of 
acetic  acid  per  100  cc. 

In  the  determination  of  fusel  oil,  a  change  should  be  made  which  has  been  adopted 
in  all  official  methods  abroad,  viz,  the  distillation  of  the  sample  with  alkali  to  remove 
free  acid  and  saponify  esters. 

I  would  recommend  the  substitution  of  the  following  for  the  third  paragraph  of 
the  description,  page  96: 

Add  a  small  quantity  of  alkali  to  200  cc  of  th&  sample  under  examination,  and 
distill  slowly,  till  about  175  cc  have  ]passed  over;  allow  the  distilling  flask  to  cool, 
add  25  cc  of  water,  and  distill  again  till  the  total  distillate  measures  200  cc.  Dilute 
the  distillate  to  exactly  30  per  cent  by  volume  (sp.  gr.  0.96541  at  15.6®). 

The  method  for  the  determination  of  ethereal  salts,  should  be  changed.  The 
paragraph  is  vague,  and  in  parts  incorrect.  Titration  of  the  excess  of  mineral  acid 
is  not  mentioned  and  no  allowance  is  made  for  the  subtraction  of  the  volatQe  from 
the  total  acids.  As  the  method  stands,  the  calculation  would  give  not  only  the 
excess  of  mineral  acid  added,  but  also  both  the  free  and  combined  acids  in  the 
sample. 

Further,  it  might  be  questioned  whether  all  of  the  ethereal  salts  distill  at  a  tempera- 
ture sufficiently  low  as  to  be  found  in  the  alcoholic  distillate.  I  would  recommend 
the  substitution  of  the  following,  on  page  98: 

(9)  Determination  of  ethereal  salts:  Neutralize  the  residue  left  after  distillation 
in  the  fusel  oil  determination  with  N/10  H3SO4  and  add  an  excess  of  10  cc  of  the 
acid.  Let  stand  five  minutes,  and  make  up  to  200  cc.  Titrate  2  portions  of  25  cc 
each,  usins  as  indicators  methyl  orange  in  the  first  and  phenolphthalein  in  the 
second.  The  difference  gives  the  amount  of  alkali  necessary  to  neutralize  the  oi^ganic 
acids  in  25  cc  of  the  sample.  By  subtracting  from  this  figure  the  nun^ber  of  cubic 
centimeters  of  alkali  reqmred  for  the  free  acids  and  multiplving  the  result  by  0.0088, 
the  number  of  ^rams  of  ethereal  salts  (calculated  as  ethyl  acetate)  in  25  cc  of  the 
sample  is  determmed. 

«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  65,  p.  96. 
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For  next  year's  work  I  would  sugfjpst  that  the  reporter  make  a  comparative  study 
of  other  methods  of  fusel  oil  determination,  such  as  the  Allen-Marquardt  and 
Beckmann.  The  official  (Roese)  method  is  a  very  tedious,  delicate  operation,  and 
the  results  are  far  from  satisfactory.  It  is  very  desirable  that  some  better  method 
should  be  obtained. 

About  all  the  valuable  information  concerning  distilled  liquors  which  has  appeared 
in  the  journals  during  the  past  few  years  will  be  found  in  the  following  references: 

Beckmann:  Ueber  die  Bestimmung  des  fuselgehaltes  alkoholischer  Flussigkeiten. 
Zeit.  Nahr.  Genuss.,  1899,  2:  709. 

Beckmann:  Neuerungen  zur  Bestimmung  des  fuselgehaltes  alkoholischer  Flussig- 
keiten.   Zeit.  Nahr.  Genuss.,  1901,  4:  1059. 

Schidrowitz:  Composition  of  whisky.    J.  Soc.  Chem.  Ind.,  1902,  21:  814. 

Zega:  Examination  of  brandies  from  damsons  and  grape  marc.  Chem.  Zeit.,  1901, 
26:  (75)  793. 

Hewitt:  The  retarding  influence  of  aldehydes  on  the  maturation  of  potable  spirits. 
J.  Soc.  Chem.  Ind.,  1902,  21:  1896. 

Mr.  Sawyer.  Mr,  President,  I  would  like  to  have  two  or  three 
minutes  for  discussing  the  report.  In  my  letter  to  the  referee  I  said 
that  there  were  eerta,in  determinations  under  way  in  my  investigation 
which  presumably  would  be  completed  before  this  meeting.  It  is  of 
them  that  I  wish  to  speak. 

In  the  determination  of  fusel  oil  it  was  found  impossible  to  carry 
out  the  Roese  method,  and  I  believe  that  it  will  not  be  practicable  to 
use  it  in  the  average  laboratory  on  account  of  its  temperature  require- 
ments. The  Beckmann  method,  to  which  the  referee  has  referred,  I 
have  subjected  to  a  preliminary  test,  and  so  far  as  can  now  be  seen  it 
is  going  to  prove  very  satisfactory.  I  have  not  tested  it  to  see  how 
the  results  check,  but  understand  that  it  has  been  tried  in  that  respect 
by  a  number  of  German  investigators  whose  figures  have  corresponded 
admirably.  My  test  of  the  method  was  to  determine  whether  it  can 
be  used  in  the  ordinary  laboratory  at  such  a  rate  of  speed  as  to  make 
it  suitable  for  routine  work,  and  a  single  worker  was  able  to  make  four 
determinations  in  an  afternoon,  which  is  better  speed  than  could  be 
obtained  with  the  Koese  method. 

I  suggested  to  Mr.  Crampton  that  there  was  likely  to  be  a  marked 
difference  between  the  behaviors  of  genuine  and  factitious  liquors  in 
regard  to  their  reaction  for  tanuin.  This  body  is  a  chai^acteristic 
ingredient  of  the  extract  of  genuine  distilled  liquors  which  have  been 
aged  in  oak  casks.  When  the  venders  of  factitious  goods  learn  this 
they  may  begin  to  add  tannin  together  with  the  burnt  sugar  which 
they  now  use  for  coloring,  but  for  the  present  a  test  with  ferric  salts 
should  show  a  distinct  difference  between  aged  and  imitation  goods. 

There  has  been  a  tendency  of  recent  years  to  hold  furfurol  responsi- 
ble for  those  ultra-injurious  effects  of  new  liquor  for  which  fusel  oil 
used  to  be  blamed.  I  believe  that  we  shall  have  to  abandon  this  doc- 
trine and  look  for  a  new  scapegoat.  In  the  first  place,  new  liquor  con- 
tains less  furfurol  than  old  liquor  does.  In  testing  many  samples  of 
rum  to  see  whether  it  disappears  during  the  aging  process,  it  was 
found  that  new  goods  contained  a  little,  coming  no  doubt  from  the 
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breaking  down  of  pentosans  in  the  moldfeses,  which  is  our  raw  material. 
In  rum  from  uncharred  packages — that  is,  in  plain  oak  casks — the 
amount  was  about  the  same  as  in  new  goods.  Now,  rum  of  this  sort  is 
not  esteemed  for  drinking.  The  best  liquor— that  which  is  properly 
matured  for  drinking — is  put  away  for  years  ^n  oak  packages  which 
have  been  charred  inside.  And  it  is  in  this  best  grade  of  liquor, 
whose  noxious  effects  are  much  less  than  those  of  the  newer  goods, 
that  the  proportion  of  furfurol  is  highest.  Its  source  is  obvious.  It 
comes  from  the  dry  distillation  of  the  oak  wood  which  accompanies 
the  charring  of  the  barrels. 

My  own  experience  with  furfurol— and  I  worked  for  three  years  in 
an  atmosphere  laden  with  its  vapors  -  leads  me  to  believe  that  it  is  not 
nearly  so  toxic  as  is  generally  supposed.  Furthermore,  I  believe  that 
it  is  to  the  more  volatile  constituents  that  new  and  factitious  liquors 
owe  their  specially  objectionable  qualities.  The  disagreeable  experi- 
ences which  I  have  had  in  working  with  them  have  convinced  me  that 
we  should  set  about  determining  what  they  are  and  formulating 
methods  for  their  estimation. 

Mr.  BiGELOW.  There  is  no  report  on  vinegar,  but  I  wish  to  suggest 
a  modification  of  the  method  for  the  determination  of  caramel  as  given 
in  Bulletin  No.  65,  page  65,  under  "Detection  of  coloring  matters." 
The  presence  of  the  precipitate  obtained  is  not  sufficient  proof  of 
the  presence  of  caramel;  its  character  must  also  be  considered.  I 
will  draw  up  an  amendment  to  the  present  method  embodying  this 
idea  and  submit  it  to  the  committee  on  recommendations. 

The  President.  The  subject  of  spices  will  now  be  considered. 

EEPOET  ON  SPIOES. 
By  R.  K.  1)<M)LITTLK,  AmocUiU'  Referee. 

No  work  of  particular  interest  on  the  methods  for  the  analysis  of  spices  has  been 
done  during  the  past  year,  so  far  as  my  readings  and  observations  have  extended. 
The  referee  reported  that  no  one  volunteered  for  coUaboratory  work  on  the  subject 
in  response  to  the  circular  sent  out  by  him.  Before  receiving  notice  of  my  appoint- 
ment as  associate  referee,  samples  of  the  various  varieties  of  whole  pepper  had  been 
obtained  from  the  leading  importing  houses  for  the  purpose  of  investigating  their  ' 
composition,  more  particularly  with  reference  to  the  enforcement  of  certain  statutes 
embraced  in  the  food  laws  of  the  State  of  Michigan.  Puring  the  year  these  analyses 
have  been  complete<i,  following  in  general  the  methods  adopted  provisionally  by 
the  association,  and  the  few  comments  ma^le  in  this  report  are  based  upon  my  ow^n 
observations  during  this  work.  There  is  one  matter  of  imjxjrtance  in  discussing  the 
methods  for  the  analysis  of  spicep,  and  that  is,  many  States  have  standards  fixed  by 
statute  for  one  or  more  of  the  spices,  these  standards  being  based  on  the  methods 
now  adopted  provisionally  by  this  association.  Fiwther,  as  these  methods  were 
very  carefully  investigate<l  and  compiled  by  Mr.  Winton,  whom  we  all  know  to  be 
our  best  authority  on  the  subject,  we  should  go  very  slowly  in  making  any  radical 
change. 

In  the  determination  of  starch  by  the  diastase  method,  an  animal  diastase  manu- 
factured by  Frederick  Steams  &  Co.  has  been  adopted  in  our  laboratory  in  place  of 
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the  powdered  malt  This  is  a  pancreatic  diastase  which  gives  no  reduction  on  the 
Fehling  solution,  thereby  eliminating  that  source  of  error  and  increase  of  work, 
and  it  is  used  exclusively  in  starch  determinations  at  the  University  of  Michigan.  It 
is  suggested  that  its  use  be  investigated  by  the  associate  referee  on  spices  for  the 
coming  year.  ^ 

For  determining  the  amount  of  copper  reduced,  I  prefer  weighing  as  cuprous  oxid, 
as  de8cril)ed  by  Munson  under  Methods  for  Determining  Reducing  Sugars.  ^  The 
asbestos  is  prepared  by  cutting  the  best  quality  of  woolly  asbestos  into  fine  pieces, 
digesting  first  with  1:3  hydrochloric  acid  and  then  with  Fehling  solution.  The 
asbestos  is  packed  into  the  Gooches  by  aid  of  a  blunt  glass  rod,  making  a  mat  about 
one-fourth  of  an  inch  thick  and  thoroughly  washed  with  hot  water,  then  with  10  cc 
of  alcohol,  and  then  with  10  cc  of  ether.  The  Gooches  thus  prepared  are  dried  in 
the  oven  at  100®  C.  for  thirty  minutes,  allowed  to  cool  one-half  hour,  and  weighed. 
The  cuprous  oxid  is  collected,  washed  in  the  same  manner  with  hot  water,  alcohol, 
and  ether,  and  dried  for  thirty  minutes  at  100®  C.  and  weighed  after  cooling  for 
thirty  minutes.  The  cuprous  oxid  may  be  dissolved  off  with  hot  dilute  nitric  acid 
and  the  same  Gooch  used  foV  several  determinations. 

It  is  also  suggested  that  in  the  determination  of  crude  fiber  the  various  kinds  of 
filters  and  containers  suggested  in  the  provisional  method  ^  be  thoroughly  studied 
by  collaborative  work  and  the  most  serviceable  plan  reported.  In  our  laboratory  we 
conduct  the  boiling  in  600  cc  beakers  covered  with  a  watch  glass,  filter  through 
linen  after  the  acid  treatment,  and  on  weighed  S  <&  S  blue  ribbon  filters  after  the 
alkali,  washing  thoroughly  with  hot  water,  then  with  a  little  alcohol,  and  then  with 
ether,  introducing  the  necessary  correction  for  loss  on  treatment  of  the  filter  with 
the  alkali,  alcohol,  and  ether. 

Mr.  D(X)LITTLE.  As  Mr.  Wintx)n  is  not  here,  I  suggest  that  the 
discussion  be  postponed  until  he  is  present. 

Mr.  BiGEiiOW.  There  is  no  referee's  report  on  meat,  and  as  the  only 
work  done  outside  of  our  own  laboratory  is  that  reported  by  Mr. 
Grindley  and  is  devoted  chiefly  to  proteids,  I  suggest  that  his  paper 
be  read  when  the  subject  of  nitrogen  is  discussed. 

The  President.  Acting  on  this  suggestion,  the  next  report  to  be 
received  will  be  that  of  the  associate  referee  on  dairy  products  con- 
sidered from  the  standpoint  of  adulteration. 

EEPOET  ON  DAIBY  PE0DU0T8. 
By  Albert  E.  Lrach,  Associate  referee. 

In  my  report  I  have  chiefly  to  recommend  a  few  methods  to  supplement  those 
already  included  in  the  provisional  methods  as  published  in  Bulletin  65  of  the 
Bureau  of  Chemistry,  with  a  brief  statement  of  reasons,  in  some  cases,  for  their 
insertion. 

Milk  Prebervativxs. 

The  hydrochloric  acid  and  ferric  chlorid  method  for  detecting  formaldehyde,  not 
only  in  milk,  but  also  in  other  food  products  using  pure  milk  as  a  reagent,  has  been 
80  thoroughly  tested  by  over  six  years  of  constant  trial  that  it  would  seem  to  be 
worthy  of  a  place  among  our  provisional  methods.    In  point  of  delicacy  it  is  far 


«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  73.    Proceedings  of  the  nine- 
teenth annual  convention  of  the  Association  of  Official  Agricultural  Chemists,  p.  69. 
b\J.  S.  I)ept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  65,  p.  154. 
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superior  to  the  sulphuric  acid  test.  I  believe  nothing  but  formaldehyde  has  yet 
been  found  that  will  give  this  peculiar  and  immistakable  color  reaction. 

While  salicylic  and  benzoic  acids  are  not  ideal  milk  preservatives,  their  presence 
is  always  to  be  looked  for,  and  the  following  methods  <>  for  their  detection  in  milk 
are  submitted. 

Benzoic  add, — Add  5  cc  of  dilute  hydrochloric  acid  to  50  cc  of  the  milk  in  a  flask 
and  shake  to  curdle.  Then  add  150  cc  of  ether,  cork  the  flask  and  shake  well. 
Break  up  the  emulsion  which  forms,  by  aid  of  a  centrifuge,  or,  if  the  latter  is  not 
available,  extract  the  curdled  milk  by  gently  shaking  with  successive  portions  of 
ether,  avoiding  the  formation  of  an  emulsion.  ^  Transfer  the  ether  extract  (evap- 
orated to  small  volume,  if  large  in  bulk)  to  a  separatory  funnel  and  separate  the 
benzoic  acid  from  the  fat  by  shaking  out  with  dilute  ammonia,  which  takes  out  the 
fonner  as  ammonium  benzoate.  Evaporate  the  ammonia  solution  in  a  dish  over 
the  water  bath  till  all  free  ammonia  has  disappeared,  but  before  getting  to  dryness 
add  a  few  drops  of  ferric  chlorid  reagent.  The  characteristic  flesh-colored  precipi- 
tate indicates  benzoic  acid.  Care  should  be  taken  not  to  add  the  ferric  chlorid  till 
all  the  ammonia  has  been  driven  off,  otherwise  a  precipitate  of  ferric  hydrate  is 
formed. 

Salicylic  add. — Proceed  exactly  as  directed  for  benzoic  acid.  On  applying  the 
ferric  chlorid  to  the  solution  after  evaporation  of  the  ammonia,  the  well-known 
violet  color  indicates  salicylic  acid  when  present. 

These  methods  for  salicylic  and  benzoic  acids  while  especially  applicable  to  milk, 
from  which  the  ether  extracts  both  fat  and  preservative,  are  useful  also  with  modi- 
fications for  many  other  food  products.  The  extraction  of  the  ether  solution  with 
dilute  ammonia,  whereby  the  preservative  is  removed,  permits  the  subsequent 
recovery  of  the  ether  by  distillation. 

Detbction  op  Color  in  Butter. 

Annatto  is  very  readily  detected  when  present  in  notable  amounts  in  butter,  and 
when  the  straw  color  due  thereto  is  concentrated  permanently  on  &  piece  of  filter 
pai)er,  as  in  the  test  given  below,  there  is  no  reason  for  mistaking  it.  With  the  azo 
and  other  coal-tar  dyes  the  case  is  not  so  simple,  and  it  w^ould  seem  a£  if  a  number 
of  the  best  methods  for  testing  these  colors  in  butter  should  be  placed  among  the 
provisional  methods,  so  that  the  analyst  may  base  bis  opinion  on  the  result  of  a 
variety  of  tests  whether  positive  or  negative.  It  is  hardly  safe  to  condemn  a  sample  on 
a  single  test  or  method. 

Method  of  the  MasaachusetU  board  of  health  far  annatto. — Treat  2  or  3  grams  of  the 
melted  and  filtered  fat  (freed  from  salt  and  water)  with  warm,  dilute  nodiam  hydroxid, 
and,  after  stirring,  pour  the  mixture  while  warm  upon  a  wet  filter;  a  hot  funnel  may 
be  used  to  advantage.  If  annatto  is  present,  the  filter  will  aljsorb  the  color,  so  that 
when  the  fat  is  washed  off  by  a  gentle  stream  of  water  the  paper  will  be  dyed  straw 
color.  It  is  well  to  pass  the  warm  alkaline  filtrate  two  or  three  times  through  the  fat 
on  the  filter  to  insure  removal  of  the  color.  If,  after  drying  the  filter,  the  color  turns 
pink  on  application  of  a  drop  of  stannous  chlorid  solution,  the  presence  of  annatto  is 
assured. 

Color  in  Olkomargarin. 

The  question  of  natural  color  in  yellow  oleomargarin  does  not  vitally  concern  the 
analysts  in  Massachusetts  by  reason  of  certain  recent  court  decisions,  according  to 


o  Leach.  An.  Rep.  Mass.  State  Board  of  Health,  1902,  p.  475.  Food  and  Drug 
Reprint,  p.  23. 

^A  volume  of  ether  largely  in  excess  over  that  of  the  curdled  milk  has  been  found 
to  be  less  apt  to  form  an  obstinate  emulsion. 
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which  oleomargarin,  even  though  reeembling  yellow  butter,  can  be  sold  with 
impunity  if  it  does  not  contain  a  foreign  dyestulf — that  is  to  say,  if  the  color  is  due 
entirely  to  the  natural  oils  which  it  contains.  For  this  reason  very  little  attention 
has  been  given  to  the  presence  of  palm  oil,  which  in  some  sections  of  the  country 
seems  to  have  caused  considerable  trouble. 

Oleomargarin  without  any  color  other  than  that  inherent  in  the  fat  ingredients 
is  now  commonly  found  on  the  market,  and,  though  devoid  of  dyestuffs,  it  rivals 
in  depth  of  color  butter  which  has  been  dyed.  Frequent  samples  of  this  kind  have 
been  examined  in  our  laboratory.  On  account  of  the  processes  to  which  cotton-seed 
oil  and'oleo  eil  are  now  submitted,  with  a  view  to  enhancing  their  deep  color,  it  is 
quite  possible  to  obtain  a  very  yellow  oleomargarin  without  even  resorting  to  the 
use  of  palm  oil. 

Most  of  the  methods  suggested  for  the  detection  of  small  quantities  of  palm  oil  in 
oleomargarin  have  not  proved  to  be  reliable.  A  number  of  such  methods  have  been 
submitted  by  Mr.  Ansil  Moffatt,  of  Indianapolis,  and  while  the  writer  has  been 
unable,  through  lack  of  time,  to  personally  test  these  methods,  Mr.  A.  H.  Gill,  of 
the  Massachusetts  Institute  of  Technology,  has  tried  them,  and  one  of  them,  namely, 
the  aluminum  chlorid  test,  proved  quite  satisfactory  in  his  hands.  This  test  was 
carried  out  according  to  Mr.  Moffatt' s  directions,  as  follows: 

A  solution  of  10  per  cent  anhydrous  aluminum  chlorid  in  methyl  alcohol  is  taken 
as  a  reagent  The  clear  filtered  fat  is  put  into  a  test  tube,  a  few  drops  of  the  above 
reagent  are  added,  and  the  test  tube  is  heated  with  shaking  until  the  solvent  is 
evaporated  and  the  alumina  precipitated.  The  presence  of  palm  oil  is  indicated  by 
the  color  of  the  precipitate,  wliich  varies  with  the  character  of  the  oil  contained  in 
the  mixture.  Comparative  tests  had  best  be  made  on  samples  of  known  purity, 
both  of  pure  oil  and  of  mixtures.  The  following  letter  was  received  from  Mr.  Gill 
in  regard  to  these  tests: 

Bearding  my  experience  in  the  use  of  the  so-called  '' cookery  test''  of  Mr.  Moffatt, 
I  am  willing  to  make  the  following  statements:  Cotton-seed  oil  and  oleomargarin 
containing  1  per  cent  or  less  of  palm  oil  show  a  decided  coloration  when  tested  with 
aluminum  chlorid  in  alcohol.  Had  I  another  test  as  decided  as  this,  or  had  I  made 
a  careful  series  of  tests  with  other  deeply  colored  oils,  I  should  be  willing  to  accept 
it  as  conclusive  proof  of  the  presence  of  palm  oil.  From  my  experience  in  oil  testing, 
I  am.  unwilling  to  condemn  an  oil  upon  the  results  of  one  test,  particularly  if  it  be  a 
color  test.  I  have  tried  both  the  tests  employing  Xessler's  solution  and  an  alcohol 
and  sulphuric  acid  test  upon  similar  mixtures  of  palm  with  other  oils  without  obtain- 
ing results  which  were  satisfactory.    I  can  not,  tnerefore,  indorse  these  testa. 

Pbeservatives  in  Butter. 

In  view  of  the  fact  that  boric  acid  is  commonly  found  in  butter,  a  method  for  its 
detection  therein  should  be  provided.    The  following  is  submitted: 

Detection  of  boric  add  in  buUer. — Melt  about  25  grams  of  the  sample  on  the  water 
bath,  pour  off  the  fat  from  the  aqueous  solution  that  settles  to  the  bottom  of  the 
container,  acidify  the  aqueous  solution  slightly  with  hydrochloric  acid,  and  test  in 
the  usual  manner  with  turmeric  paper  for  boric  acid. 

Fat  in  Cheese. 

During  the  past  year  a  large  number  of  cheese  samples  have  been  analyzed  in  the 
department  of  food  and  drug  inspection  of  the  Massachusetts  board  of  health,  and 
the  following  modification  of  the  Babcock  process  for  determining  fat  has  been  used 
to  advantage: 

DetermincUum  of  fat  in  cheese — Lythgoe's  modification  of  the  Babcock  method. — Weigh 
accurately  about  6  grams  of  the  sample  in  a  tared  beaker.  Add  10  cc  of  boiling 
water  and  stir  with  a  rod  till  the  cheese  softens  and  an  even  emulsion  is  formed,  pref- 
erably adding  a  few  drops  of  strong  ammonia  to  aid  in  the  softening  and  emulsion- 
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izing,  and  keeping  the  beaker  in  hot  water  till  the  emalsion  is  tolerably  complete 
and  free  from  lumps. 

If  the  sample  is  a  full-cream  cheese,  a  Babcock  cream  bottle  is  employed.  The 
contents  of  the  beaker,  after  cooling,  are  transferred  to  the  test  bottle  as  follows: 
Add  to  the  contents  of  the  beaker  about  half  of  the  17.6  cc  of  sulphuric  acid  regu- 
larly used  for  the  test,  stir  with  a  rod,  and  pour  carefully  into  the  bottle,  using  the 
remainder  of  the  acid  in  two  portions  for  washing  out  the  beaker.  Finally,  pfroceed 
aa  in  the  Babcock  test  for  milk.  Multiply  the  fat  reading  by  18  suid  divide  by  the 
weight  of  the  sample  taken,  to  obtain  the  per  cent  of  fat. 

Condensed  Milk. 

It  would  seem  that  methods  for  the  analysis  of  sugar-preserved  condensed  milk 
should  properly  be  included  under  dairy  products,  and  the  following  methods,  which 
have  been  in  constant  use  in  Massachusetts  for  over  eight  years,  are  submitted: 

Preparation  of  the  sample. — Mix  thoroughly  by  transferring  the  contents  of  the  can 
to  a  large  evaporating  dish  and  working  it  with  a  pestle  until  homogeneous.  Weigh 
40  grams  of  the  mixed  sample  in  a  100  cc  sugar  flask,  or  transfer  thereto  by  washing, 
and  make  up  to  the  mark  with  water. 

Total  solids — Dilute  a  measured  portion  of  the  above  40  per  cent  solution  with  an 
equal  amount  of  water,  and  transfer  by  a  pipette  5  cc  of  the  diluted  mixture,  cor- 
responding to  1  gram  of  the  condensed  milk,  into  a  tared  platinum  dish,  which  is 
allowed  to  remain  in  contact  with  the  live  steam  of  a  water  bath  for  at  least  two  hours 
after  the  last  traces  of  water  have  been  evaporated  to  leave  an  apparently  dry  residue. 
Transfer  to  a  desiccator,  cool  and  weigh. 

Ash, — Carefully  ignite  the  residue  from  the  total  solids,  cool  and  weigh. 

Fat.t^ — Measure  15  cc  of  the  above  40  per  cent  solution,  corresponding  to  6  grams 
of  the  condensed  milk,  into  a  Babcock  test  bottle.  Fill  nearly  to  the  neck  with  water, 
add  4  cc  of  Fehling's  copper  solution,  and  shake  thoroughly  and  rapidly,  separating 
the  precipitated,  proteids  and  fat  by  means  of  a  centrifuge,  ^  or  the  precipitate  may  be 
allowed  to  settle  of  itself,  which  it  does  more  quickly  in  the  cold.  Withdraw  the 
supernatant,  sugar-containing  liquid  by  means  of  a  small-stemed  pipette  with  a 
wisp  of  wet  absorbent  cotton  twisted  over  the  bottom  to  serve  as  a  filter.  Wipe  off 
the  cotton  into  the  bottle  on  withdrawing  the  pipette.  Give  the  precipitated  pro- 
teids and  fat  two  additional  washings,  as  above,  by  shaking  with  water,  separating 
the  precipitate,  and  removing  the  washings  with  the  pipette.  If  the  precipitate  is 
caked  hard  after  centrifuging,  use  a  stiff  platinum  wire  as  a  stirrer.  Finally,  add 
water  to  an  approximate  volume  of  17.5  cc  and  17.5  cc  of  sulphuric  acid,  and  continue 
the  test  as  in  the  Babcock  process  of  milk  testing,  multiplying  the  reading  by  3  for 
the  percentage  of  fat  in  the  sample. 

Proteids. — Dilute  5  cc  of  the  40  per  cent  solution,  corresponding  to  2  grams  of  the 
sample,  to  about  40  cc  and  add  0.6  cc  of  Fehling^s  copper  solution.  Nearly  neutralize 
with  sodium  hydroxid  stopping  just  short  of  alkalinity.  Pass  through  a  weighed 
filter  paper,  wash,  dry  at  100°  C,  and  weigh.  Burn  the  precipitate  in  a  porcelain 
crucible,  the  difference  between  the  weight  of  the  dry  precipitate  and  the  weight  of 
the  ash  being  the  weight  of  the  proteids  and  fat.  Expressing  this  in  percentage  and 
deducting  the  per  cent  of  fat  previously  obtained,  the  result  is  the  per  cent  of 
proteids. 

Milk  sugar, — Make  up  the  filtrate  and  washings  from  the  previous  operation  to 
100  cc  and  determine  the  lactose  either  gravimetrically  or  volumetrically  in  this  solu- 

aLeach.    J.  Am.  Chem.  Soc.  1900,  22:  589. 

^While  the  steam-driven  centrifuge  may  be  used  for  this,  it  is  better  to  centrifuge 
in  the  cold,  since  the  heat  of  the  steam-driven  machine  cakes  the  precipitate  bo  that 
it  is  harder  to  wash. 
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tion.  If  the  volumetric  method  is  used  and  the  solution  is  of  the  exact  strength 
directed  above,  milk  sugar  may  be  calculated  as  follows: 

100X0.067_ 
S  X0.02  ""^' 

where  L  is  the  per  cent  of  lactose  and  8  the  number  of  cubic  centimeters  of  milk 
solution  prepared  as  above  necessary  to  reduce  10  cc  of  Fehling's  solution. 

Cane  mtgar, — Determine  by  difference,  deducting  the  milk  solids  (milk  sugar  -|- 
proteids  -f  fat  -f  ash)  from  the  total  solids. 

Adulteration. — ^The  chief  form  of  adulteration  in  condensed  milk  consists  in  the 
employment  of  skim  milk  in  its  manufacture.  The  nature  and  extent  of  the  adultera- 
tion is  not  always  apparent  from  the  mere  content  of  fat  actually  found  in  the  sam- 
ple, since  this  is  to  some  extent  dependent  on  the  amount  of  condensation.  Thus 
the  most  useful  factor  in  judging  of  the  purity  of  a  sample  is  really  the  fat  in  the 
original  milk.  To  calculate  this  it  has  hitherto  been  necessary  to  make  a  complete 
analysis  of  the  sample  to  obtain  the  percentage  of  milk  solids  not  fat.  Divide  this 
figure  by  an  assumed  standard  for  solids  not  fat  (preferably  basing  thich  figure  on 
the  standard  fixed  by  law),  and  the  result  expresses  the  "number  of  times  con- 
densed.'' Finally  dividing  the  percentage  of  fat  in  the  condensed  milk  by  the 
"  number  of  times  condensed  "  the  "  fat  in  the  original  milk  "  is  obtained. 

We  have  recently  adopted  a  simpler  method  for  the  calculation  of  fat  in  the 
original  milk  which  involves  merely  the  determination  of  fat  and  ash  in  the  sample.  ^ 
Assuming  0.70  per  cent  as  the  ash  of  pure  milk,  the  factor  representing  the  ''number 
of  times  condensed"  is  found  by  dividing  the  ash  of  the  condensed  milk  by  0.7. 
The  "fat  in  the  original  milk,*'  as  thus  calculated,  is  of  course  an  arbitrary  factor, 
and  is  useful  only  in  deciding  whether  or  not  skimmed  milk  has  been  used  in  pre- 
paring the  sample.  By  assuming  the  highest  reasonable  figure  for  the  ash  of  natural 
milk,  it  is  readily  seen  that  the  highest  result  is  obtained  for  the  fat  in  the  original 
milk,  and  hence  the  benefit  of  any  doubt  is  given  to  the  manufacturer. 

The  ash  of  the  condensed  milk  sample  is  conveniently  obtained  by  evaporating  to 
dryness  12.5  cc  of  the  40  per  cent  aqueous  solution  of  the  sample  which  forms  the 
basis  of  the  various  determinations,  this  volume  corresponding  to  5  grams  of  the 
sample.  The  residue  is  then  incinerated  in  the  muffle,  cooled  and  weighed.  If  the 
fat  in  the  original  milk  as  above  calculated  is  found  to  be  much  below  3  per  cent, 
there  is  evidence  to  show  that  skimmed  milk  has  been  used.  This  method  of  pro- 
cedure is  considered  more  accurate  than  that  hitherto  adopted  for  calculating  the  fat 
in  the  original  milk,  since  the  milk  ash  is  a  more  constant  factor  than  the  percentage 
of  solids  not  fat,  oh  which  the  old  method  was  based. 

Recommendations. 

I  would  recommend  for  provisional  adoption  the  following  methods:  Under 
"Milk:" 

The  hydrochloric  acid  and  ferric  chlorid  method  for  formaldehyde  in  milk.  * — To  10  cc 
of  milk  in  a  porcelain  casserole  add  an  equal  volume  of  concentrated  hydrochloric 
acid  containing  1  cc  of  10  per  cent  ferric  chlorid  solution  to  each  500  cc  of  acid. 
Heat  nearly  to  the  boiling  point  over  the  free  flame,  holding  the  casserole  b}^  the 
handle  and  giving  it  a  rotary  motion  to  break  up  the  curd.  A  violet  coloration  indi- 
cates formaldehyde. 

Also  the  methods  for  salicylic  and  benzoic  acids  given  in  the  opening  of  this  report. 
Under  "Butter"  the  method  of  the  Massachusetts  board  of  health  for  annatto 

a  An.  Rep.  Mass.  State  Board  of  Health,  1902,  p.  475.  Food  and  Drug  Reprint,  p.  23. 
&  An.  Rep.  Mass.  State  Board  of  Health,  1897,  p.  558.    Food  and  Drug  Reprint,  p.  20. 
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given  in  this  report.    And  also  the  methods  of  Geisler,  Low,  and  DooUttle  for  detec- 
tion of  colors,  as  follows: 

Geisler*  8  method  for  azo  colors.^ — ^A  few  drops  of  the  clarified  fat  are  spread  out  on  a 
porcelain'^ surface  and  a  pinch  of  fuller's  earth  added:  In  the  presence  of  various 
azo  dj^es  a  pink  to  violet-red  coloration  will  be  produced  in  a  few  minutes.  Some 
varieties  of  fuller's  earth  react  much  more  readily  than  others  with  azo  colors. 

Low* 8  method  for  azo  colors.  & — A  small  amount  of  the  material  to  be  tested  is  melted 
in  a  test  tube,  an  equal  volume  of  a  mixture  of  one  part  of  concentrated  sulphuric 
add  and  four  parts  of  glacial  acetic  acid  is  added,  and  the  tube  is  heated  nearly  to 
the  boiling  pomt,  the  contents  being  thoroughly  mixed  by  shaking;  the  tube  is  tnen 
set  aside,  and  after  the  acid  solution  has  settled  out  it  will  be  found  to  be  colored 
wine-red  in  the  presence  of  azo  color,  while  with  pure  -butter-fat  comparatively  no 
color  will  be  produced. 

Doolitd^s  method  for  azo  dyes  and  armatto.  ^ — The  melted  sample  is  first  filtered. 
Two  test  tubes  are  taken  and  into  each  are  poured  about  2  grams  of  the  filtered  fat 
which  is  dissolved  in  ether.  Into  one  test  tube  1  or  2  cc  of  dilute  hydrochloric  acid 
are  poured,  and  into  the  other  about  the  same  volume  of  dilute  potassium  hydroxid 
solution.  Both  tubes  are  well  shaken  and  allowed  to  stand.  In  the  presence  of  azo 
dye,  the  test  tube  to  which  the  acid  has  been  added  will  show  a  pink  to  wine-red 
coloration,  while  the  potash  solution  in  the  other  tube  will  show  no  color.  If  annatto 
has  been  used,  on  the  other  hand,  the  potash  solution  will  be  colored  yellow,  while 
no  color  will  be  apparent  in  the  acid  solution. 

I  would  further  recommend  for  provisional  adoption  under  ** Butter"  the  method 
for  boric  acid  in  the  early  part  of  this  report,  and  under  "Cheese,"  the  modified 
Babcock  method  given  for  detecting  fat. 

And,  finally,  I  recommend  that  the  scheme  for  analysis  of  condensed  milk  as  given 
in  this  report  be  provisionally  adapted. 

The  President.  Is  there  any  discussion  on  the  paper! 

Mr.  Patrick.  I  am  not  sure  that  I  understood  the  method  proposed 
by  Mr.  Leach  for  determining  proteids  in  condensed  milk.  Was  it  to 
precipitate  with  copper  hydrate,  dry,  ignite,  and  take  the  loss  as 
proteids 

Mr.  Leach.  Weighing  before  ignition. 

Mr.  Patrick.  Is  Mr.  Leach  sure  that  this  method  gives  correct 
results?  I  am  under  the  impression  that  it  has  been  found  lacking  in 
accuracy,  for  the  reason  that  the  drying  of  the  copper  precipitate  does 
not  expel  all  the  water. 

Mr.  Leaoh.  I  think  we  have  pretty  thoroughly  tested  its  accuracy, 
having  used  it  in  the  analysis  of  many  hundreds  of  samples  during  the 
past  eight  years.  If  you  are  careful  in  drying  and  keep  the  temper- 
ature limit,  between  100^  and  105°  good  results  are  obtained,  at  least 
the  error  will  be  a  very  small  one.  The  quickness  of  making  the  test 
also  had  something  to  do  with  our  adoption  of  that  method. 

The  President.  The  next  subject  for  consideration  is  cocoa  products. 

Mr.  BiGELow.  Mr.  Eaton  has  submitted  the  first  report  on  this  sub- 
ject, but,  as  has  been  the  custom  in  regard  to  the  other  methods,  it 
will  be  printed  and  distributed  to  the  associates  on  food  adulteration 
for  informal  criticism  before  it  is  submitted  to  the  association  for 
adoption  as  a  provisional  method. 

oj.  Am.  Oheni.  Soc.  1898,  20:  110. 

ft  J.  Am.  CluMii.  Soc,  20:  889. 

c  U.  S.  Dei)t.  of  Agr.,  Bureau  of  Chemistry  Bui.  65,  p.  152, 
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The  Prestdent.  The  report  on  preservatives  is  in  order. 

EEPOET  ON  PEESEEVATIVE8. 
By  W.  D.  BiGELOw,  Beferee, 

Although  the  referee  had  the  promise  of  considerable  collaboration  in  the  study 
of  preservatives,  and  some  work  was  begun,  no  definite  results  have  been  obtained. 
There  is  probably  no  field  in  connection  with  food  chemistry  which  is  in  greater  need 
of  further  study  than  that  of  the  determination  of  preservatives. 

The  detection  of  some  chemical  preservatives  is  a  very  difficult  matter  because  of 
the  lack  of  reactions  sufficientlv  delicate  and  characteristic  to  indicate  their  presence 
in  the  quantity  in  which  they  are  used.  It  is  certainly  true  that  preservatives  some- 
times exist  in  foods  which  are  reported  by  food  laboratories  as  being  free  from  them. 
On  the  other  hand,  there  is  a  grave  danger  of  error  in  the  other  direction,  and  it  is 
believed  by  many  that  preservatives  have  been  reported  in  samples  in  which  they 
really  did  not  occur,  owing  to  the  misinterpretation  of  certain  class  reactions  and  the 
giving  of  too  much  weight  to  reactions  which  were  only  sufficient  to  indicate 
"traces." 

There  is  a  tendency  in  some  States  to  require  by  law  that  where  preservatives  are 
employed  the  kind  and  amount  present  should  be  stated  on  the  label.  In  view  of 
this  fact  it  will  probably  be  important  in  the  near  future  to  determine  as  nearly  as 
possible  the  amount  of  preservatives  present  in  foods.  The  methods  that  have  been 
suggested  heretofore  for  this  purpose  are  inadequate. 

During  the  last  year  considerable  attention  has  been  given  to  qualitative  methods 
for  the  detection  of  formaldehyde  and  quantitative  methods  for  the  determination  of 
salicylic  and  benzoic  acid.  It  is  intended  to  continue  the  work  during  the  coming 
year  and  to  extend  it  as  far  as  the  time  and  amount  of  collaboration  available  will 
permit. 

The  referee  desires  to  emphasize  the  importance  of  this  work  and  to  request  the 
collaboration  of  as  many  members  of  the  association  as  possible. 

The  President.  Mr.  Winton  is  present  and  we  shall  be  glad  to  hear 
the  report  on  flavoring  extracts. 

Mr.  WiNTON.  I  wish  first  to  report  on  the  committee's  visit  to  the 
Secretary  of  Agriculture.  I  will  take  this  opportunity  to  say  that  the 
Secretary  received  us  very  cordially,  and  agreed  to  address  the  meeting 
later  in  the  day  or  perhaps  early  to-morrow.  Knowing  this,  I  hope 
we  shall  have  a  large  attendance. 

I  have  no  written  report  to  make  on  flavoring  extracts,  but  will 
submit  the  following  remarks: 

EEPOET  ON  PLAVOEnrO  EXTEAOTa 
By  A.  L.  WiNTON,  Associate  Referee. 

Mr.  Mitchell,  the  associate  referee  last  year,  outlined  very  good  methods  indeed, 
which  have  needed  only  slight  changes.  It  is  not  necessary,  I  think,  to  go  into 
those  changes  at  the  present  time.  There  are,  however,  certain  new  lines  of  work 
which  must  be  undertaken  sometime  in  the  near  future.  One  subject  in  particular 
has  been  brought  very  forcibly  to  our  attention  during  the  past  year  by  work  done 
in  the  State  of  Michigan.  It  is  not  necessary  for  me  to  go  into  this  subject  in  detail, 
as  Mr.  Doolittle  is  here  and  will  give  us  full  particulars  of  the  case. 

The  matter  referred  to  concerned  lemon  extract.  It  has  been  the  custom  of  some 
manufacturers  to  prepare  a  cheap  grade  of  lemon  extract  containing  only  a  trace  of 
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lemon  oil  and  but  a  fraction  of  the  amount  of  alcohol  preficribed  by  the  United 
States  Pharmacopoeia.  As  the  cost  of  alcohol  in  a  good  extract  is  several  times  as 
great  as  the  cost  of  the  other  ingredients,  the  purpose  of  the  manufacturer  apparently 
is  to  reduce  the  amount  of  alcohol  aa  much  as  possible.  He  does  this  by  shaking 
the  lemon  oil  with  weak  alcohol.  The  alcohol  is  too  weak  to  dissolve  any  appreci- 
able amount  of  the  terpenes,  but  it  does  dissolve  a  certain  amount  of  the  citral  and 
possibly  other  oxygenated  constituents,  and  as  a  consequence  the  weak  alcoholic 
liquid,  after  being  separated  from  the  undissolved  oil,  has  a  lemon  odor.  It  has 
been  the  claim  of  these  manufacturers  and  certain  chemists  that  this  *'  washed  out '' 
extract  is  equal  or  superior  to  that  made  by  the  old  process,  because  the  terpenes, 
which  they  regard  as  valueless,  are  eliminated. 

The  supreme  court  of  Michigan  has  rather  forced  us  to  consider  this  matter, 
because  while  they  have  accepted  the  United  States  Pharmacopoeia  as  the  standard 
they  have  ruled  that  manufacturers  have  the  privilege  of  improving  on  the  proceaaes 
of  the  Pharmacopoeia.  It  is  my  opinion — and  in  this  matter  I  have  worked  in 
thorough  accord  with  Mr.  Doolittle,  of  Michigan — that  the  citral  is  not  by  any 
means  the  only  valuable  ingredient  of  lemon  extract,  but  that  the  terpenes  also  have 
decided  value.  I  think  those  who  have  tried  both  the  washed  out  and  the  gennine 
U.  S.  P.  extracts  in  food  products  will  agree  that  the  flavor  is  somewhat  different. 
While  the  terpenes  of  themselves  may  not  be  so  aromatic  as  the  citral,  still  in  com- 
bination with  the  citral  they  give  a  blended  flavor  which  is  the  true  flavor  of  lemon. 
Either  one  by  itself  is  not  sufficient.  It  has  been  my  custom  to  compare  the  part 
played  in  the  extract  by  limonene,  the  chief  terpene  of  lemon  oil,  to  the  low  pipes  of 
the  organ.  These  low  tones  of  themselves  are  not  particularly  agreeable,  but  com- 
bined with  the  high  tones  they  produce  the  indescribable  depth  and  grandeur  of 
organ  music.  So  in  the  case  of  lemon  extract,  the  limonene  alone  is  not  highly 
aromatic,  but  blended  with  the  citral  it  contributes  strength  or  body  to  the  flavor. 
While  it  is  my  flrm  belief,  based  upon  considerable  investigation,  that  the  value  of 
an  extract  is  not  determined  by  the  citral  alone,  at  the  same  time  I  think  it  is 
highly  desirable  that  a  good  method  for  determining  citral  be  decided  upon,  if  for 
no  other  purpose  than  to  assay  extracts  made  with  a  washed  out  oil,  which  is  even 
a  greater  fraud  than  making  extracts  by  the  washing  out  process.  Mr.  Doolittle 
investigated  this  matter  thoroughly,  and  1  hope  he  will  talk  to  us  on  the  subject. 

There  is  another  line  of  work  which  must  be  taken  up  eventually,  and  that  is  the 
examination  of  the  mixtures  of  so-called  fruit  ethers  made  in  imitation  of  various  fruit 
flavors,  such  as  strawberry,  raspberry,  and  banana. 

The  cheap  soda-water  sirups  are  very  largely  made  out  of  these  mixtures  of  ethers 
with  coal-tar  dyes  and  other  ingredients,  many  of  them  containing  no  genuine  fruit 
extract  or  fruit  juice  whatever.  Anyone  who  has  had  any  experience  with  ice 
cream  or  soda  water  purchased  at  watering  places  knows  that  by  the  palate  alone 
one  can  very  quickly  distinguish  between  the  artificial  and  the  genuine.  What  we 
need  now  are  better  chemical  methods  for  their  detection.  Of  course  these  artificial 
extracts  of  strawberry  or  raspberry  must  be  colored  in  order  to  pass  for  the  true 
fruit  sirups.  Almost  always  the  artificial  color  can  be  detected  and  that  at  once 
brands  the  article  as  not  being  made  entirely  from  the  fruit;  but  the  difliculty  is  that 
the  genuine  products  are  also  colored  so  the  presence  of  an  artificial  coloring  matter 
does  not  tell  us  whether  the  product  is  purely  an  artificial  mixture  or  whether  it  is  a 
genuine  fruit  product  which  has  been  colored  to  improve  its  appearance. 

Our  methods  for  vanilla  extracts,  with  slight  changes,  are  quite  satisfactory. 
We  have  certain  difficulties  to  contend  with,  to  be  sure,  but  many  of  them  are  being 
overcome  by  analytical  research.  For  example,  there  is  no  way  of  determining 
whether  the  vanillin  in  vanilla  extract  is  from  the  genuine  bean  or  from  the  syn- 
thetic product.  The  determination  of  vanillin  is  usually  of  almost  no  value  in  deter- 
mining adultej:atip^  except  in  rare  cases  where  none  at  all  or  an  abnormally  large 
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amount  is  present.  If  prepared  according  to  the  United  States  Pharmacopoeia  vanilla 
extract  contains  about  0.2  per  cent  of  vanillin  while  some  of  the  cheapest  extracts 
examined  contained  0.6  per  cent  In  most  cases  the  examination  for  coloring  matter 
aids  greatly  in  discriminating  between  genuine  and  artificial  extracts.  On  the  whole, 
our  methods  for  examining  vanilla  extract  are  fairly  satisfactory,  as,  indeed,  are  the 
methods  for  lemon  extract  with  the  exception  of  the  one  point — the  determination 
of  citral. 

Mr.  DooLiTTLE.  Mr.  Winton  has  quite  thoroughly  covered  the  chem- 
istry of  the  lemon  extract  controversy.  The  facts  of  the  particular 
case  referred  to  were  as  follows:  When  this  subject  came  up  in  the 
courts  of  Michigan  we  were  confronted  by  expert  testimony  from  the 
State  universities  of  Michigan  and  Wisconsin,  and  it  developed  in  the 
course  of  the  trial  that  in  those  States  a  product  called  terpeneless 
extract  of  lemon  was  being  made.  That  is,  the  manufacturers  claimed 
to  extract  from  lemon  oil  only  the  flavoring  properties,  leaving  the 
hydrocarbon  portion  behind.  They  claim  that  by  agitating  a  5  per 
cent  solution  of  oil  with  a  dilute  alcoholic  solution  for  a  given  length 
of  time,  and  repeating  the  agitating  after  standing,  all  the  citral  and 
other  flavoring  constituents  of  the  oil  are  extracted.  This  case  was 
carried  to  the  supreme  court  of  the  State  of  Michigan,  and  in  the 
opinion  handed  down  the  court  held  as  follows:  That  the  legislature 
had  in  mind,  when  the  food  law  was  formulated,  the  formula  of  the 
United  States  Pharmacopoeia  for  the  manufacture  of  lemon  extract, 
and  that  this  formula  is  the  standard  for  lemon  extract,  but  that  this 
does  not  prevent  any  manufacturer  from  producing  an  extract  by  any 
improved  process,  provided  that  the  extract  contains  all  the  valuable 
constituents,  i.  e.,  all  the  flavoring  constituents  of  a  5  per  cent  solu- 
tion of  lemon  oil.  In  this  particular  case  the  manufacturers  admitted 
that  they  used  only  a  5  per  cent  solution  of  lemon  oil,  and  as  experi- 
ments show  that  it  is  impossible  by  any  chemical  process  to  remove  all 
the  citral  and  other  flavoring  constituents,  producing  a  perfectly  taste- 
less terpene,  they  admitted  that  the  extract  in  question  was  not  up  to 
the  standard  as  defined  by  the  court,  and  so  pleaded  guilty.  But  they 
now  claim  to  use  a  10  per  cent  solution  of  lemon  oil  and  by  treating 
this  by  the  method  described  to  remove  from  the  increased  amount  of 
oil  enough  citral  and  other  flavoring  ingredients  to  equal  those  pres- 
ent in  a  5  per  cent  solution  of  the  oil. 

Another  curious  fact  brought  out  during  the  trial  illustrates  what 
Mr.  Winton  has  said,  i.  e.,  the  manufacturers  are  making  a  terpene- 
less extract  for  Michigan,  dissolving  the  residual  oil  in  alcohol  and 
selling  it  in  Wisconsin  for  a  5  per  cent  solution,  thus  complying  with 
the  U.  S.  P.  formula  as  is  required  in  Wisconsin,  and  1  do  not  believe 
that  the  analyst  can  detect  the  exhausted  product.  Our  methods  for 
the  analysis  of  lemon  extract  depend  upon  the  amount  of  hydrocarbons 
in  the  solution.     What  confronts  us  in  Michigan,  therefore,  is  the 
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need  of  a  method  for  determining  the  amounts  of  citral  in  such  alcohol 
solutions  as  lemon  extract  and  also  a  method  of  qualitatively  and  quan- 
titatively, if  possible,  determining  the  other  oxygenated  constituents 
of  the  oil  that  go  to  make  up  the  flavor  of  the  extract  and  are  charac- 
teristic of  lemon  oil. 

The  President.  Would  it  not  bring  relief  if  the  standards  were 
changed  so  as  to  conforjii  to  those  of  the  adjoining  States? 

Mr.  DooLiTTLE.  That  would  not  help  us,  as  the  manufacturers 
use  this  exhausted  oil  and  still  come  up  to  the  requirements  of  such 
standards. 

Mr.  Leach.  In  Massachusetts  we  have  been  interested  in  investi- 
gating the  people  who  have  used  the  so-called  terpeneless  extracts 
without  any  oil  whatever,  and  one  manufacturer  has  taken  the  bull  by 
the  horns  by  trying  to  conform  to  our  other  statute  which  compels 
labeling  all  compound  goods  with  the  percentage  of  ingredients,  and 
he  words  his  label  thus:  ''Avoid  lemon  extracts  containing  hydrocar- 
bon compounds  because  they  are  apt  to  deteriorate.  Take  only  extracts 
that  have  none  of  those  objectionable  ingredients.  This  is  warranted 
to  contain  none." 

Mr.  Doolittle.  That  is  one  of  the  strongest  claims  made  and  it  is 
sustained  by  expert  authority  in  Wisconsin  and  also  by  Doctor 
Vaughan,  of  Michigan.  Not  only  that,  but  it  is  claimed  that  the  use 
of  strong  alcohol  is  a  very  great  detriment  in  the  lemon  extract  because 
alcohol  tends  to  curdlfe  products  containing  milk  or  eggs. 

Mr.  Fischer.  I  examined  a  lemon  extract  recently  in  Wisconsin 
which,  when  assayed  by  the  precipitation  method,  gave  100  per  cent 
lemon  oil,  but  when  assayed  by  the  polarization  method  it  showed  only 
15  per  cent.  It  seems  to  have  consisted  of  about  15  parts  of  so-called 
"robbed"  oil,  dissolved,  and  85  pai'ts  of  cotton-seed  oil.  Evidently 
the  provisional  methods  are  very  much  at  fault  in  such  a  case.  In 
assaying  the  oil  of  lemon  it  appears  to  me,  without  claiming  to  be 
an  expert,  to  be  extremeh'  difficult  to  determine  the  amount  of  citral 
in  the  oil  itself,  and  next  to  impossible  to  determine  the  amount  of 
other  oxygenated  products;  and  when  it  comes  to  a  5  per  cent  solution 
the  methods  fail  complet<*.ly. 

Mr.  Brooks.  Does  not  lemon  oil  contain  naturally  these  oxygenated 
products,  and  if  the  Pharmacopceia  directs  that  the  extract  of  lemon 
shall  be  a  solution  of  oil  of  lemon,  is  there  any  way  of  evading  that 
requirement?  If  the  law  is  so  worded  as  to  require  a  solution  of  the 
whole  oil,  what  claim  can  be  made  for  a  lemon  extract  made  by  using 
a  robbed  oil,  or  even  the  citral  oil? 

Mr.  Leach.  1  think  there  is  a  means  of  toi^ting  the  separated  oil, 
and  am  inclined  to  think  there  would  be  a  difference  in  refraction 
l)etween  the  so-called  "robbed"  oil,  or,  as  we  call  it,  the  "float"  oil, 
and  the  pure  oil. 

At  12.40  the  convention  adjourned  until  1.30  o'clock  p.  m. 

Digitized  by  VjOOQIC 


35 


THTJBSDAT— AFTEENOON  SESSION. 

After  some  instructions  to  committees  B  and  C  on  recommendations 
of  referees,  the  president  called  for  the  report  of  the  referee  on  foods 
and  feeding  stuffs,  which  was  submitted  by  Mr.  Van  Slyke,  acting  for 
Mr.  Fuller. 

EEPOET  ON  POODS  AND  FEEDIHG  STUPPS. 

By  F.  D.  FuLLBR,  Referee. 

In  reply  to  a  circular  letter  sent  out  inviting  cooperation  in  the  work  for  1903, 
eleven  chemists  promised  to  assist.    To  these  men  the  following  instructions  were  sent: 

Instructtions  for  Work  on  Feeding  Sti-ffs  for  the  A.  O.  A.  C,  1903. 

Two  samples  are  sent  out  this  year  for  work  on  feeding  stuffs. 

No.  I.  Distiller's  grains. 

No.  II.  Wheat  bran. 

The  following  determinations  are  to  be  made  upon  l)0th  samples:  Moisture,  fat, 
and  crude  fiber. 

Moisture  is  to  be  determined  by  the  official  method,  Bulletin  No.  46,  Revised 
Edition,  Department  of  Agriculture,  page  23,  or  according  to  the  method  used  in 
your  laboratory.     In  reporting  result*}  state  method  employed. 

Fat  (ether  extract)  is  to  be  determined  by  the  official  method.  Bulletin  No.  46,  page 
23,  and  also  by  the  Dormeyer  method.  A  description  of  the  latter  method  is  sent 
herewith. 

Crude  fiber  is  to  be  determined  by  the  official  metho<l.  Bulletin  No.  46,  page  26, 
by  Konig's  method,  and  also  by  using  a  modification  of  Konig's  method.  Inclosed 
please  find  a  description  of  KOnig's  method,  and  also  one  of  the  proposed  modification. 

Please  report  results  at  your  earliest  convenience. 
Yours  truly, 

F.  D.  Fuller,  Geneva,  N.  Y.,  Referee. 

L.  H.  Smith,  Urbanay  TIL,  Associate  referee. 

It  gives  me  pleasure  to  acknowledge  the  kindness  of  the  J.  W.  Biles'  Company,  of 
Cincinnati,  Ohio,  who  furnished  a  supply  of  Biles's  Fourex  distiller's  grains  for  the 
use  of  the  referee.  The  bran  was  taken  from  a  lot  in  use  at  the  New  York  experi- 
ment station,  and  previous  to  grinding  8.81  per  cent  of  water  waa  removed  at  60°  C. 

Estimation  of  Moisture. 

The  moisture  was  not  determined  as  a  matter  of  investigation  of  methods,  but 
simply  to  make  it  possible  to  calculate  the  other  determinations  to  a  water-free  basis. 

Table  I. — Moisture  determinaiion. 


Analyst. 


Method  of  drying. 


I 

E.  B.  Holland,  Ma.<«achusett8 Glycerin  and  water  oven,  100°  C 

H.  J.  Warner,  U.  S.  Department  of  Agri-    Water  oven,  5  hours 

culture.  I 

Do Water  oven ,  22  hours 

Do I  In  vacuo,  5  hourH,  80°  C 

Do In  vacuo,  6  hours,  100°  C 

H.  H.  HanBon,  Maine I  Steam  oven,  5  hours,  98°  C 

C.  D.  Howard,  West  Virginia ,  In  vacuo,  2  hours , 

J.A.Birzell,New  York  (Ithaca) Official  method 

L.  H.  Smith  and  E.  M.  EoHt,  IIlinoiH rilyecrln  and  water  oven,  in  hydrogen, 

I      r)houn<,  104-105°  C. 

A.  W.  Bosworth',  Rhode  Island \ 

C.  W.  Mudge,  New  York  (Geneva) Steam  oven,  10  hours,  98°  0 


Distiller's 
grains. 

Per  cent. 
7.88 
6.11 


6.72 
6.24 
6.65 
6.40 
6.97 
6.99 
4.39 

7.04 
6.91 


Bran. 


Per  cent. 
7.09 
4.18 

4.21 
4.90 
5.70 
4.26 
5.48 
5.73 
5.06 

4.94 
4.98 
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Estimation  of  Ether  Extract. 

According  to  the  recommendation  of  the  referee  on  foods  and  feeding  etuffe  for 
1902,  we  have  compared  the  Dormeyer  method  with  the  present  official  method  of 
fat  extraction. 

In  the  Chemiker  Zeitung«  Beger  gives  some  results  obtained  by  digesting  the 
materials  in  pepsin  solution  previous  to  extracting  the  fat.  In  all  (;a8es  an  additional 
quantity  of  fat  was  obtained  after  the  pepsin  treatment,  the  increase  being  greater 
when  using  materials  rich  in  protein. 

This  process  was  first  used  by  Dormeyer  &  and  later  studied  by  Nerking,  <^  who 
argued  that  the  ordinary  extraction  with  ether  could  not  remove  all  the  fat,  because 
it  waa  chemically  combined  with  the  albuminoids  "Fetteiweissverbindungen,"  and 
the  compounds  must  be  broken  up  and  the  fat  lil)erated  before  it  could  be  completely 
removed.     Following  is  a  description  of  the  Dormeyer  method: 

Three  to  5  grams  of  sul>stance  are  digested  with  1  gram  of  pepsin,  Merck  (this  is 
found  to  be  free  from  ether  extract) ,  dissolved  in  480  cc  water  and  20  cc  of  25  per 
cent  hydrochloric  acid  at  37°-40°  C.  for  twenty-four  hours.  The  residue  is  then 
filtered  in  a  Gooch  crucible,  washed  several  times  with  cold  distilled  water,  and 
after  drying  is  extracted  with  ether  in  the  us^ual  way.  The  filtrate  must  be  shaken 
out  with  ether  several  times  and  the  extract  from  this  united  with  that  from  the 
dried  residue. 

Table  II. — Ether-extract  determination. 


Distiller's  grains. 

Bran. 

Method  and  analyst. 

Original 
sample. 

Water- 
free. 

Original 
sample. 

Water- 
free. 

OFFICIAL  METHOD. 

E.  B.  Holland,  Massachusetts 

'Percent. 
10.67 
10.67 

Percent. 
11.62 

Percent. 
5.05 
6.18 
6.19 
6.12 
5.20 
5.20 
4.90 
4.97 
5.25 
5.17 
5.22 
6.19 
6.18 
6.17 

Percent. 
5.53 

H.  J.  Warner,  U.  S.  Department  of  Agriculture 

10.13 
10.13 
10.14 
10.65 
10.49 
10.81 
10.75 
10.44 
10.18 
10.30 
10. 4-1 
10.51 
15.92 
16.10 
10.97 
11.13 
11.15 

10.84 

5.43 

H.  H.  Hanson,  Maine 

11.29 

5.16 

J .  A.  Bizzell ,  New  York  (I thaca) 

11.61 

5.53 

L.  H.  Smith  and  E.  M.  Ea.m,  IllinoiM 

10.85 

6.47 

A.  W.  Bosworth ,  Rhode  Inland 

dl7.22 

9.51 
9.69 
5.23 
6.19 
5.25 

a  10. 05 

C.  W.  Mudge,  New  York  (GcYieva) 

11.90 

5.49 

Average 

11.33 

5.43 

a  1902,  vol.  26,  No.  11. 

ftPfliigers,  Archiv.  f.  Physiologie,  1895,  Gl:  341;  ibid.,  1896,  65:  90. 

cPflugers,  Archiv.  f.  Physiologic,  11)01,  85:  330. 

d  Result  omitted  from  average. 
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T A  BLE  II. — Kther-ej-traci  determ  hutilon — Con ti  n  iied . 


MetiuMl  aiul  iiimlyst. 

DisUller 

Original 
Kample. 

s  grainH. 

Water- 
free. 

Bran. 

Original     Water- 
sample,       free. 

DORMEYER  METHOD. 

E.  B  Holland,  MassachiisettH 

Percent. 
12.86 
12.19 
10.91 
11.03 
11.07 
11.77 
10.46 
11.49 
11.43 
8.42 
8.87 
10.20 
10.77 

Per  cent. 
13.26 

Per  cent. 
5.70 
5.S6 
5.a5 
5.09 
5.11 
4.85 

I^ercenL 
6.27 

H.  J.  Warner,  V.  S.  De|>artment  of  Agriculture 

11.76 

5.38 

H.  H.  Hansen,  Maine 

11.87 

6.07 

J.  A.  Bizaell,  New  York  (Ithaca) 

12.32 

5.14 
5.31 
4.50 
4.99 
5.44 
5.48 

5.55 

L.  H.  Smith  and  E.  M.  Kaat,  Illinoia 

10.01 

5.37 



Average t  .  r ,  - ,  -  -  r 

11.84 

5.52 

Notes  and  Comments  of  Analysts. 

E.  B.  Holland. — After  the  digestion  with  pepsin  the  solution  was  filtered  through 
linen  and  washed  to  a  total  volume  of  about  800  cc.  This  combined  filtrate  and 
washings  were  shaken  out  with  ether  three  times  in  a  separatory  funnel,  which 
cleared  the  solution  considerably.  The  extnu't  previous  to  the  evaporation  of  the 
ether  was  of  a  white  gelatinous  appearance.  The  residue  in  the  filter,  after  drying, 
was  inclose<l  in  a  capsule  and  extracted  as  in  the  official  method. 

H.  J,  Warner. — Found  the  Dormeyer  method  long  and  te<liou8. 

H.  H.  Hansen. — Much  difficulty  found  in  filtering  after  the  digestion  with  pepsin. 
Much  more  time  was  consumed  and  greater  care  required  with  this  method  than 
with  the  official  method.     There  is,  moreover,  much  greater  chance  for  error. 

L.  H.  Smith  and  E.  M.  East. — A  second  extraction  of  16  hours  by  the  official  method 
was  made  in  every  case.  As  only  an  insignificant  amount  of  extract  was  obtained, 
we  may  conclude  that  16  hourfe  is  ample  time  for  the  extraction.  The  results  by  the 
Dormeyer  method  are  not  satisfactory,  and  most  of  the  results  appear  to  be  too  low, 
as  compared  with  those  by  the  official  method.  The  method,  on  the  whole,  does  not 
appear  to  be  practical. 

Comments  of  Referee. 


A  glance  at  the  foregoing  table  will  show  that  the  results  obtained  by  the  Dormeyer 
method  are  a  little  higher  than  those  secured  by  the  official  method,  greater  differ- 
ences being  observed  in  the  results  from  distillers'  grains,  a  food  which  contains  over 
twice  as  much  crude  protein  as  wheat  bran,  a  fact  which  might  readily  lead  one  to 
suppose  that  some  of  the  fat  was  combined  with  the  albuminoids,  as  maintained  by 
Nerking,  and  only  needed  a  digestion  with  pepsin  to  bring  it  into  a  readily  ether- 
soluble  condition.  However,  the  question  which  arises  at  this  point  is  this:  Is  the 
additional  extract  obtained  by  the  Dormeyer  method  a  positive  increase  in  the  i>er- 
centage  of  crude  fat  contained  in  the  material  under  examination?  We  all  know  that 
the  ether  extract  of  the  official  method  is  already  much  too  high,  as  it  contains  Ixxlies 
which  can  not  come  under  the  head  of  crude  fat,  and  that  by  extracting  with  petro- 
leum ether  we  secure  an  extract  which  more  nearly  represents  the  fat  content  of  foods. 
Therefore  we  do  not  care  to  increase  the  amount  of  ether  extract  unless  wo  are  abso- 
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liitely  sure  of  inaVing  an  a<l(Ution  of  fatty  bodies  alone.  Beger  «  inacie  a  few  qualitative 
testa  upon  the  extract  obtained  by  t!ie  Dorineyer  nietho<l  and  found  i>reK'nt  Ji  fat 
wbieh  re«iK)nded  to  the  acrolein  and  refractometer  tests,  "  fat  spot,'*  saponification, 
etc.,  but  he  made  no  examinations  to  prove  the  purity  of  the  extract  or  to  settle  beyond 
doubt  the  exact  nature  of  the  fat  present. 

Had  time  permitted,  it  was  the  intention  of  the  referee  to  make  these  particular 
points  a  subject  of  ret^earch.  Your  referee  l)elieveH  that  valuable  time  is  lost  in  pre- 
paring samples,  sending  them  to  various  men  for  analysis,  and  attendii^  to  the  nec- 
essary correspondence  ])ertaining  to  the  same,  which  otherwise  might  be  used  by  the 
referee  and  his  associate  in  conducting  systematic  research  in  the  branch  of  work  to 
which  they  may  be  assigned  by  the  association.  Therefore,  I  would  recommend 
that  next  year  the  referee  and  associate  devote  a  part  of  thei  retime  to  research  work 
in  connection  with  the  points  mentioned  above. 

Estimation  op  Crude  Fiber. 

The  official  method  for  the  estimation  of  crude  fiber  originated  from  the  demand 
for  a  fil)er  which  contains  only  a  very  small  quantity  of  nitrogen.  But  since  we  have 
considered  the  pentopan  content  of  foods  it  has  l>een  proven  by  Konig  and  many 
other  analysts  that  the  crude  fiber  obtained  by  the  official  method  contains  pentosans 
and  in  some  materials  they  are  present  in  considerable  quantity.  Since  the  ofiSdal 
method  does  not  give  us  a  pentosan-free  fiber  it  was  the  object  of  the  referee  to  seek 
for  a  new  method  by  which  such  a  fiber  may  be  prepared. 

In  1900  the  attention  of  the  association  was  directed  to  a  method  by  J.  K5nig  *  for 
the  estimation  of  pentosan-free  crude  fiber.  In  1901  Mr.  Fraps  presented  a  paper 
before  the  association  in  which  he  showed  that  the  Konig  method  is  superior  to  the 
official  method,  in  that  it  yields  a  fiber  which  is  practically  free  from  pentosans. 
But  he  also  showed  that  in  the  case  of  cotton-seed  meal  and  other  materials  rich  in 
nitrogenous  bodies,  the  fil)er  obtained  is  much  too  high.  Acting  ujx)!!  his  sugges- 
tion, a  study  of  the  Konig  method  was  taken  up  by  the  referee  in  1902,  who  cor- 
roborate<l  the  results  obtained  by  Mr.  Fraps  and  showed,  furthermore,  that  the 
Konig  method,  while  removing  the  pentosans,  does  not  yield  a  fiber  low  in  nitrogen. 
Therefore  he  recommended  that  the  present  referee  make  a  further  study  of  this 
metli(Kl  with  the  additional  treatment  of  the  fiber  with  alkali,  as  in  the  official 
method.  The  Konig  method  was  thus  mo<lified,  and  the  results  in  Table  IV  are 
obtained  by  using  the  official,  Konig,  and  Konig  modified  methods.  Following  is  a 
description  of  the  Konig  method  and  also  the  modification,  with  such  precautions 
and  suggestions  as  seem  necessary. 

The  K(5ni<}  Method  for  Crude  Fiber. 

(a)  Glycerol-sulphuric  acuL — Determine  the  specific  gravity  of  the  glycerol  by 
means  of  a  picnometer  or  8j)ecific-gravity  balance.     A  hydrometer  can  not  be  um>d, 


«Chein.  Ztg.  1902,  No.  11.  «* Analyst,  23:  47. 
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as  on  glycerol  its  r^acHngs  would  not  1k»  correct.     The  per  cent  of  glycerol  may  l3e 
calculated  by  the  following  table: 

Tahlb  III. — Calculation  of  glycerol  from  specific  (jravity. 


Specific 

gravity 

at  15.6°  C. 

Glycerol. 

Specific 

gravity 

at  15.5°  C. 

Glycerol. 

Percent. 

Percent. 

1.2674 

100 

1.2460 

92 

1.2d47 

99 

1.24S3 

91 

1.2620 

98 

1.2406 

90 

1.2694 

97 

1.2380 

89 

1.2567 

96 

1.2353 

88 

1.2540 

95 

1.2327 

87 

1.2518 

94 

1.2300 

86 

1.24A6 

93 

Should  the  temperature  of  the  specific  gravity  detennination  not  be  15.5®  C,  a 
correction  may  be  made  by  adding  0.00058  for  each  degree  alx)ve  the  temperature. 

Dilute  the  glycerol  to  86  per  cent,  or  1.230  specific  gravity,  and  make  up  a  solution 
containing  20  cc  sulphuric  acid  (1.84  specific  gravity)  per  liter  of  the  glycerol-acid 
mixture. 

( 6)  The  determination, — Place  3  grams  of  substance  in  a  500  cc  Erlenmeyer  flask,  add 
200  cc  glycerol-sulphuric  acid,  and  connect  the  flask  with  an  inverted  condenser,  the 
tube  of  which  passes  only  a  short  distance  beyond  the  rubber  stopper  into  the  flask. 
Heat  to  boiling,  and  boil  very  gently  for  an  hour,  shaking  the  flask  from  time  to 
time  so  as  to  wash  down  any  particles.  The  boiling  should  take  place  in  such  a 
manner  that  only  a  few  drops  of  water  are  condensed.  Prepare  a  thin  layer  of 
asbestos  in  a  2-inch  Hirsch  funnel,  and  on  this  place  a  perforated  platinum  disk. 
Filter  the  glycerol  on  this,  using  a  suction  pump.  The  mixture  should  be  shaken 
well  before  it  is  poured  on  the  filter,  and  each  flask  should  have  the  full  benefit  of 
the  suction  pump  when  the  filtration  starts  until  the  glycerol  begins  to  come  through. 
Wash  with  hot  water,  with  alcohol,  and  with  a  mixture  of  equal  volumes  of  alcohol 
and  ether.  The  alcohol  and  ether  remove,  besides  fats,  certain  pro<lucts  not  soluble 
in  water  formed  by  the  action  of  the  glycerol  acid.  Transfer  to  a  platinum  dish,  dry, 
weigh,  and  incinerate  completely.     The  loss  in  weight  is  crude  fiber. 

(c)  PrecaiUions. — ^A  primary  necessity  is  to  have  the  glycerol  of  the  recjuired  density. 
A  comparatively  slight  variation  in  density  will  cause  an  incTease  or  decrease  in 
boiling  point,  with  a  corresponding  decrease  or  increase  in  the  crude  fiber. 

In  filtering,  considerable  time  is  gained  by  using  a  flat-bottomed  porcelain  funnel, 
known  in  German  laboratories  as  a  * 'Nutsche. ' '  Dilute  the  hot  glycerol-acid  mixture 
with  300  cc  of  boiling  water  and  filter  through  linen. 

((/)  Modification  of  Konig^s  metlwd. — ^Treat  as  in  the  Konig  method  and  after  washing 
transfer  the  residue  to  an  Erlenmeyer  flask,  using  200  cc  of  hot  1.25  per  cent  sodium 
hydrate  solution.  Attach  a  condenser  and  boil  gently  for  30  minutes.  Filter  and 
wash  with  hot  water.  Transfer  the  residue  to  a  (4ooch  crucible,  dry,  weigh,  and 
incinerate  completely.     The  loss  in  weight  is  crude  fiber. 
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Table  IV. — CriKk  fiber  determination. 


Distiller's  grains. 

Bran. 

Mi^thod  and  analyst. 

Original 
sample. 

Water- 
free. 

Original 
sample. 

Water- 
free. 

OFFICIAL  METHOD. 

E.  B.  Holland,  MaasachuBette 

PercetU, 
14.36 

14.79 

14.34 

14.34 

Percent. 
15.61 

Percent. 
11.02 

11.13 
10.69 
10.76 
10.75 
10.90 
10.62 
10.68 
10.43 
10.95 
11.08 
11.02 
11.33 
11.20 
12.14 
12.22 
12.03 
6.97 
7.12 
11.01 

Percent. 

11.70 

. 

H.  J.  Warner,  U.  8.  Department  of  Agriculture 

12.99 
12.96 
13.16 
14.09 
14.25 
14.29 
13.83 
13.96 
14.22 
14.33 
16.02 
9.67 
9.27 
13.65 

13.92 

11.07 

15.05 
15.34 

H.  H.  Hanson,  Maine 

11.43 

C.  D.  Howard,  West  Virginia 

11.68 

J.  A.  Bizzell.  New  York  (Ithaca) 

14.93 

11.96 

L.  H.  Smith  and  E.  M.  East.  Illinois 

16.19 

12.78 

A.  W.  Bosworth,  Rhode  Island 

a  10. 13 

a7.42 

C.  W.  Mudge.New  York  (Geneva) 

14.66 

11.59 

Average/ , 

14.96 

11.74 

kOnio  mstuod. 
E.  B.  Holland,  Massachusetts 

19.97 
21.43 
17.20 
17.20 
17.34 
19.78 
18.06 
17.73 
17.46 
16.68 
16.18 
17.49 
17.70 
17.61 

22.35 

11.51 
11.69 
11.76 
11.48 
11.62 
14.97 
11.98 
11.52 
11.31 
11.76 
11.80 
18.70 
12.27 
11.56 
11.65 
11.60 
12.46 

12.49 

H.  J.  Warner,  U.  S.  Department  of  Agriculture 

18.44 

12.20 

H.  H.  Hanson,  Maine 

C.  D.  Howard,  West  Virginia 

21.13 
19.08 

al6.64 
12.27 

J.A.Bi«zell,New  York  (Ithaca) 

16.54 

12.50 

L. H.Smith  and  KM. East,  Illinois 

18.87 

18.  IS 

A.  W.  Bosworth,  Rhode  Island 

12  15 

C.  W.  Mudge,  New  York  (Geneva) 

19.45 
21.90 

22.21 

12.61 

Average 

19.73 

12.49 

kOniq  method,  modified. 
E.  B.  Holland,  Massaehusetts 

11.70 
11.88 
11.03 
11.07 
11.26 
11.44 
11.66 
11.66 
11.61 
14.48 
10.75 
10.62 

12.73 

9.97 
10.13 
9.65 
9.62 
9.40 
10.39 
10.22 
10.24 
11.09 
9.T2 
9.62 
8.92 

10.83 

H.  J.  Warner,  U.  S.  Department  of  Agriculture 

11.88 

9.96 

J.  A.  Bizzell,  New  York  (Ithaca) 

.......... 

12.36 

10.94 

L.  H.  Smith  and  E.  M.  East,  IllinoiH 

12.17 

11.24 

A.  W.  Bosworth,  Rhode  Island 

a  15. 58 

11.48 

10.23 
9.70 

C.  W.  Mudge,  New  York  (Geneva) 

Average 



12. 12 

10.48 

. 
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Notes  and  Commbnts  op  Analysts. 

E.  B.  Holland. — In  the  oflScial  method  both  filtratioiis  were  made  through  linen 
and  the  residue  finally  transferred  to  a  platinum  Go^ich  crucible  and  drie<l  at  100°C. 

With  the  Konig,  and  modifle<l  Konig,  methods  the  acid  solution  was  diluted  with 
an  equal  volume  of  hot  water  and  filtereti  through  linen. 

H.  J,  Warner. — ^The  Konig  method  while  extracting  pentosans  evidently  leaves  a 
large  amount  of  nitrogenous  matter  unextracted.  The  modified  Konig  method  seems 
to  give  the  best  results. 

H.  H.  Hansen.  —  Konig's  method  did  not  give  satisfactory  results  in  any  case.  Diffi- 
culty was  encountered  in  filtering.  Both  Gooch  and  linen  filters  were  tried  using 
suction  pump  and  diluting  the  acid  mixture  with  hot  water.  In  some  cases  the 
filtration  stopped  entirely. 

C.  D.  Howard. — In  filtering,  a  thin  pad  of  asbestos  upon  a  2-inch  Hirsch  funnel 
seemed  to  give  the  best  results.  Filtration  was  found  to  be  very  materially  hastened 
by  washing  fiber  back  into  a  beaker  once  or  twice,  replacing  any  asbestos  that  may 
have  been  removed.  Dilution  of  the  hot  mixture  before  filtering  was  found  to  be 
helpful  in  the  case  of  wheat  bVan,  but  gave  no  advantage  with  distiller's  grains.  The 
washing  with  alcohol  is  tedious,  and  the  extent  to  which  it  is  carried  appears  to  have 
a  material  influence  upon  results.  The  present  official  method  seems  preferable  to 
the  Konig,  apparently  giving  results  nearer  the  truth,  besides  being  quicker  and 
easier  of  operation. 

/.  A.  BizzeU. — In  the  fiber  determinations  the  last  filtration  was  made  on  linen, 
the  residue  transferred  to  a  platinum  dish  and  evaporated  to  dryness.  This  method 
was  found  preferable  to  filtration  on  a  Gooch.  In  the  Konig  method  the  mixture 
was  diluted  with  alcohol  and  filter  through  linen.    The  filtration  was  very  slow. 

L.  H.  Smith  and  E.  M.  East. — When  asbestos  was  mixed  in  the  sample  before  boil- 
ing, and  the  filtration  made  on  hardened  filter  paper  in  a  4-inch  Buchner  funnel, 
the  acid  mixture  being  diluted  with  300  cc  of  hot  water,  filtration  was  obtained  in 
three  minutes.  Other  methods  took  from  ten  to  twelve  hours.  In  comparing  the 
two  methods,  K(')nig  and  official,  we  have  to  consider  besides  the  point  of  accuracy 
those  of  convenience  and  expense.  In  regard  to  convenience  the  relative  length 
of  time  required  for  the  operation  is  about  the  same.  As  to  expense,  the  cost  of 
reagents  is  greatly  increased  by  the  use  of  glycerol  and  ether  in  the  Konig  method.  • 
The  results  by  the  modified  Kdnig  method  are  all  lower  than  by  the  official  method, 
showing  a  further  solvent  action  by  the  alkali. 

A.  W.  Bostvarth. — In  the  Konig,  and  modified  Konig,  methods  there  was  great  diffi- 
culty in  filtering,  requiring  a  long  time  and  gi\4ng  opportunity  for  error. 

Comments  of  Referee. 

As  stated  above,  the  official  method  for  crude  fiber  does  not  remove  the  pentosans, 
and  the  Konig  method  fails  to  remove  albuminoids,  hence  the  two  methods  are  in 
no  way  comparable.  The  additional  treatment  with  alkali,  as  in  the  modified  Konig 
method,  gives  us  a  fiber  which  is  much  purer,  contains  very  little  nitrogen,  and  is 
nearly  free  from  pentosans.  The  following  table  is  of  interest  as  showing  the  nitro- 
gen content  of  the  fiber  obtained  by  the  three  methods: 

Table  V. — Nitrogen  in  crude  fiber. 


Source. 


Digtlller'8  grains. 
Wheat  bran 


Official 
method. 

Konig 
method. 

Per  cent. 
0.27 

.00 

Percent. 
1.94 

.195 

Modified 
K5ni|c 
method. 


Percent. 
0.26 


.00 
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The  results  shown  in  the  alx)ve  table  explain  why  the  percentage  of  fil)er  obtained 
by  the  Konig  method  is  so  much  higher  than  that  secured  by  the*  official  meth(Kl. 
This  is  especially  noticeable  in  the  case  of  the  distiller's  grains,  which  carry  5. 5  |)er 
cent  of  nitrogen,  and  your  referee  believes  that  the  filwr  fn)m  cottonseed -meal  and 
all  feeding  materials  high  in  protein,  would  also  carry  a  high  percentage  of  nitrogen. 

In  comparing  the  modifie<i  Konig  metho<l  with  the  present  official  method  there 
are  several  i)oints  to  be  taken  into  consideration  as  mentioned  by  Messrs.  Smith  and 
East  in  their  comments  on  the  Konig  metho<l.  Convenience,  expense,  and,  above 
all,  accuracy,  are  factors  which  can  not  be  ignored  when  we  are  considering  any 
method  of  chemical  analysis.  As  thb  modified  Konig  m_etho<l  now  stands  it  is  not 
quite  HO  convenient  as  the  official  and  more  expensive,  but  the  point  which  ileserves 
especial  attention  is  that  of  accuracy. 

Table  IV  shows  that  distiller's  grains  yield  nearly  3  per  cent  and  bran  1.26  \>eT 
cent  more  fiber  when  treated  as  in  the  official  method  than  when  submitted  to  the 
action  of  glycerol-aci<l  mixture  with  subsequent  treatment  with  alkali. 

Your  referee  does  not  believe  that  this  difference  is  due  entirely  to  the  presence  of 
pentosans  in  the  fiber  from  the  official  method,  but  that  the  acid  in  the  presence  of 
glycerol  at  a  temperature  of  131°  to  133*^  C.  exerts  a  hydrolytic  action  upon  the  fiber 
in  the  material.  To  throw  some  light  upon  this  point,  the  effect  of  the  glycerol-acid 
mixture  on  pure  cellulose  was  noted.  Practically  pure  cellulose  was  obtained  by 
treating  absorbent  cotton,  first  with  dilute  sulphuric  acid,  then  with  dilute  sodium 
hydrate,  washing  thoroughly  and  drying  to  constant  weight  in  a  steam  oven  at  98°  C. 
The  water-free  residue  \\f*s  then  treated  by  the  Konig  method  with  results  as  shown 
in  the  following  table: 

Table  VI. — Treatment  of  cellulose  with  glyrerol'imlphuric  acid. 


No. 

Weight  of  charge  (gram ). 

Amount  recovered.    | 

(inim.      '  Percent. 

1 

1 
2 

0.2630 

0. 2306              vS7. 6 

.2772 

.  2431              87. 7 

Of  course,  if  this  solvent  action  takes  place  in  the  Koni :  meth  kI,  as  the  above 
..gures  indicate,  the  modified  method  would  offer  n  >  solution  lo  ilic  problem. 

Your  referee  feels  some  reluctance  in  condemning  the  modified  method  until 
further  evidence  is  produced  corroborating  the  results  shown  in  the  above  table. 
On  the  other  hand,  if  it  be  proved  conclusively  that  the  acid  mixture  has  no  solvent 
action  on  the  fiber,  I  believe  the  modified  method  can  l^e  made  practicable  by 
giving  special  attention  to  the  details  of  manipulation. 

RkCOMM  ENDATION8. 

It  is  recommended  that  the  referee  and  associate  for  1904  conduct  research  work 
mainly  along  two  lines: 

(1)  An  inquiry  into  the  true  nature  of  the  ether  extract  obtained  after  digesting 
the  residue  obtained  by  the  official  method  of  fat  extraction,  with  pepsin. 

(2)  To  prove  or  disprove  that  the  glycerol-acid  mixture  of  the  modified  Konig 
method  has  a  hydrolytic  action  upon  cellulose. 

The  Secretary.  1  have  a  paper  on  feeding  materials  from  Mr. 
Browne,  of  the  Louisiana  station,  which  I  am  requested  to  submit  to 
the  association  in  his  absence. 
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NOTES  ON  THE  ANALYSIS  OF  FEEDING  MATEEIAL8, 

By  ('.  A.  Browne,  Jr. 

I. — OCCLU8ION  OP  Fat  as  a  Sourcb  of  Krror  in  Analytical  Work. 

At  the  last  convention  of  the  Association  of  Official  Agricultural  Chemists, «  the 
referee  on  cattle  feeds  called  attention  to  a  statement  by  Beger  regarding  the 
incomplete  extraction  of  fat  from  certain  materials  high  in  protein  unless  these  sub- 
stances were  first  subjected  to  a  digestion  with  pepsin  solution.  In  the  course  of 
some  feeding  experiments  recently  conducted  at  the  Louisiana  Experiment  Station 
upon  rice  bran  and  rice  polish,  an  interesting  and  peculiar  confirmation  of  the  above 
statement  was  brought  to  light.  With  these  feeds  themselves  no  appreciative  differ- 
ence was  found  in  the  percentage  of  fat  as  deteruiined  by  the  ordinary  official  method 
and  by  the  pepsin  method.  On  the  feces  from  the  steers  fed  upon  these  products, 
however,  very  decided  differences  were  obtaine<i,  the  excess  of  fat  by  the  pepsin 
method  being  in  one  instance  over  4  per  cent.  A  comparison  of  results  is  given  in 
the  following  table: 

Table  I. — Determination  offai  in  dried  feces  by  official  method  and  pepsin  method. 


Sample  of  feces. 


1.  Rice  bran.. 

2.  Rice  polish 

3.  Rice  polish 


Time  of 
extrac- 
tion. 


Hours. 
'  16 
16 
16 
24 
32 


Fat. 


Protein. 


1 

Official      Pepsin 
method,    method. 

Before 
pepsin 
diges- 
tion. 

After 
pepsin 
diges- 
tion. 

Percent. 
9.80 
6.19 
8.17 
8.94 

Percent. 
11.56 
6.63 

12.  as 

Percent. 

9.49 

21.50 

23.44 

Percent. 
4.62 
11.94 
13.66 

10.00 

1 

I 

The  extraction  of  the  fat  by  the  pepsin  method  was  effected  with  ease  and  rapidity, 
whereas  an  extraction  by  the  ordinary  inethod,  continued  for  thirty-two  hours  in 
one  instance,  left  3  per  cent  of  fat  unremoved.  The  difficulty  waa  due  r.o  doubt  to 
an  f)cclu8ion  of  the  fat  by  protein  matter.  This  wa«  further  indicated  by  the  fact 
that  in  some  instances  nearly  10  per  cent  of  protein  was  removed  from  the  dried 
feces  by  the  pepsin  digestion. 

The  error  which  may  result  from  an  incomplete  extraction  of  fat,  either  in  the 
food  or  feces,  may  seriously  vitiate  the  calculation  of  digestion  coefficients,  as  is  seen 
from  the  following  table: 

Table  II. — Digestive  coefficients  offal. 


Sample. 


Calculated  from 
results  of— 


Official   [  Pepsin 
method. ,  method. 


I  Per  cent.    Per  cent 

1.  Ricebran '         69.8  52.0 

2.  Ricepolish 82.5  l  81.2 

3.  Ricepolish 78.2  66.0 


«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  73,  Proceedings  Nineteenth 
Annual  Convention  A.  O.  A.  C,  p.  148. 
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Erroneous  determinations  of  fat  may  thus  introduce  a  considerable  error  into 
tables  of  digestive  coefficients,  particularly  in  the  case  of  feeds  having  a  high  content 
of  both  fat  and  protein. 

A  similar  source  of  error  in  determining  fat  has  been  observed  in  the  analysis  of 
mixed  feeds  containing  molasses,  the  occlusion  in  this  instance  being  due,  not  to  the 
protein  constituents,  but  to  the  dried  residue  of  sugars.  With  feeds  containing 
molaases,  it  is  recommended  to  wash  2  to  5  grams  of  the  material  on  a  filter  with 
about  200  cc  of  cold  water,  then  dry  and  extract  with  ether  in  the  usual  way. 

II. — Determination  of  Acidity  in  Feeding  Materials. 

In  the  proceedings  of  the  nineteenth  annual  convention  of  the  association  Gude- 
man  describes  a  method  for  the  determination  of  acidity  in  gluten  feeds.  This 
method,  which  consists  in  titrating  an  aqueous  extract  of  the  feed  with  standard 
alkali,  gives  only  the  water  soluble  acid,  and  is  not  always  satisfactory  when  the 
total  acidity  of  a  feed  is  desired,  this  being  particularly  the  case  with  feeding  mate- 
rials containing  free  fatty  acids.  The  following  process  has  been  found  very  satis- 
factory when  the  total  acidity  of  a  feed  is  desired: 

Twenty  grams  of  the  feed  are  transferred  to  a  100  cc  flask.  Eighty  cc  of  90 
per  cent  alcohol  are  then  added  and  the  flask  heated  for  30  minutes  at  a  temperature 
suflBcient  to  keep  the  contents  at  a  gentle  boil.  A  condensing  tube  should  be  used 
to  prevent  the  loss  of  alcohol.  After  cooling,  the  volume  of  the  flask  is  made  up 
with  90  per  cent  alcohol  to  105  cc,  allowing  5  cc  for  the  volume  of  feed.  After 
mixing  thoroughly  the  alcoholic  solution  is  poured  through  a  dry  filter  and  50  cc  of 
the  clear  filtrate  (10  grams  of  feed)  titrated  with  N/10  alkali.  A  comparison  of  the 
results  obtained  by  direct  alcoholic  extraction  with  those  calculated  from  the  acid 
number  of  the  fat  in  the  case  of  a  few  samples  of  rice  meal  is  given  herewith: 

Table  III. — Determination  of  acidity  in  feeds. 


Sample. 


Acidity  by 
alcoholic 
extraction. 


Acidity  cal- 
culated 
from  acid 
number  of 
fat. 


(cc  N/10  NaOH  per  10 
grams  feed.) 


1.  Rice  meal  (fresh) 7.6 

2.  Rice  meal  (fresh) —  15.5 

8.  Rice  meal  (old  sample) 83.7 


6.2 
12.2 
81.6 


The  results  by  alcoholic  extraction  are  a  little  higher  than  those  calculated  from 
the  acid  number  of  the  fat,  indicating  the  presence  of  small  amounts  of  other  acid 
products  besides  the  free  fatty  acids. 

Mr.  Wiley.  I  wish  to  call  attention  to  a  communication  received 
from  the  international  committee  on  the  analysis  of  foods  and  feeding 
stuffs  asking  for  the  collaboration  of  the  American  chemists.  This 
committee,  which  includes  a  member  from  this  country',  aims  to  secure, 
if  possible,  uniform  methods  of  analysis  for  these  materials.  Two 
other  committees  of  the  same  kind  have  been  in  operation  for  several 
years,  namely,  the  committee  on  international  methods  of  sugar  analy- 
sis and  a  committee  on  international  methods  of  fertilizer  analysis.  It 
is  hoped  that  by  this  international  collaboration  the  methods  employed 
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throughout  the  world  will  practically  become  uniform.  They  are 
uniform  in  essence  now  but  not  in  detail,  and  these  committees  are 
adopting  and  considering  very  carefully,  sometimes  adopting  en  bloc, 
with  little  or  no  change,  the  methods  of  this  association,  showing  that 
our  work  is  fully  appreciated  by  these  international  committees.  I 
happen  to  be  a  member  of  all  three  of  these  committees,  and  so  keep 
in  close  touch  with  their  work. 

On  the  motion  of  Mr.  Van  Slyke  the  convention  adjourned  at  2.15 
to  attend  the  session  of  the  Association  of  American  Agricultural 
Colleges  and  Experiment  Stations. 
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SECOND  DAY. 

FRIDAT— MOBinVO  SESSIOK. 

The  convention  was  called  to  order  by  the  president  at  9.30  o'clock 
a.  m.,  when  the  report  of  the  referee  on  fats  and  oils  was  received. 

EBPOET  ON  PATS  AND  OILS. 

By  L.  M.  ToLMAN,  Associate  Referee, 

The  Hubl  method  for  determining  the  iodin  absorption  of  oils  and  fats  is  the 
official  method  of  this  association,  but  it  has  several  faulta  which  affei*t  its  acH3urac y. 
First,  it  rapidly  loses  strength  if  made  upas  the  official  method  directs,  and  in  a  week 
or  BO  is  unfit  for  use;  second,  it  is  so  slow  in  its  reaction  with  some  of  the  oils,  such 
as  linseed,  that  a  serious  error  is  brought  about  by  the  change  in  strength  in  the 
solution  during  the  reaction.  WiJ8«  shows  how  great  this  error  might  be,  and  the 
following  table  shows  how  much  difference  the  time  of  titrating  the  blank  makes  in 
the  iodin  number. 

Table  I. — Iodin  number  of  linseed  oil  by  Hubl  method. 


Time  of 
absorp- 
tion. 

Blank  ti- 
trated at 
be^n- 
ning. 

Blank  ti- 
tratcHi 
at  end. 

Hours. 
2 
7 
24 

173.74 
177.65 
181.89 

170.39 
163.16 

These  figures  show  a  decrease  in  the  iodin  number  after  seven  hours,  if  the  blank 
IB  titrated  at  the  end  of  the  determination.  Wija  considers  that  the  true  iodin  num- 
ber in  this  caae  lies  between  173. 7  and  181 .89.  This  change  in  strength  can  be  greatly 
lessened  by  using  purified  absolute  alcohol,  ])ut  even  under  these  conditions  the 
solution  8oon  becomes  so  weak  that  it  is  of  no  further  use. 

Another  objection  to  the  Hubl  method  is  that  practically  each  analyst  employs  a 
modification  of  his  own,  especially,  as  regards  the  time  necessary  for  the  solution  to 
remain  in  contact  with  the  oil;  and,  as  is  well  known,  very  different  results  are 
obtained  in  this  way  on  the  same  oils,  which  results  have  been  collected  as  data 
obtained  by  the  Hiibl  method.  The  following  directions  from  various  authorities 
as  to  the  time  needed  for  the  Hiibl  test  show  how  varied  is  the  practice  in  this 
r^ard.     Allen  &  recommends  two  hours.     Our  official  method  requires  three  hours. 

«Cliem.  Rev.  Fett-  u.  Hartz-lnd.,  1899,  6:  6. 
''Com.  Org.  Anal.  2:  64,  pt.  1.    Fett-  u.  Hartz. 
46 
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Lev'kowit8ch«  recommends  four  hours.  Wije^  showed  that  with  linseed  oil  seven 
hours  was  necessary,  and  it  is  a  very  common  practice  among  analysts  to  allow  from 
18  to  24  hours.     Tliese  different  practices  can  not  fail  to  bring  about  diverse  results. 

The  chief  objection  to  changing  the  method  is  that  it  has  been  used  for  a  great 
number  of  years  and  a  great  deal  of  valuable  data  on  oils  and  fats  has  been  obtained 
by  its  use.  If  a  method  can  be  suggested  which  will  have  permanence  and  speed 
and  still  give  results  which  agree  with  the  figures  obtained  by  the  Hubl  method 
there  seems  to  be  every  reason  for  discarding  the  old  method. 

Three  solutions  have  been  suggested  as  substitutes  for  the  Hiibl  method  which 
overcome  to  a  great  degree  its  faults,  and  a  study  of  these  methods  has  been  the  work 
of  the  referee  this  year.  Cooperative  work  with  chemists  on  the  Wijs  and  Hanus 
methods  has  been  done,  while  the  bromin  solution  has  been  a  subject  of  special  study 
by  the  referee,  as  has  also  the  excess  of  reagents  necessary  and  the  speed  of  reaction 
of  the  other  solutions. 

The  keeping  qualities  of  the  Wijs  and  Hanus  solutions  have  been  thoroughly  tested 
and  *ound  to  be  very  satisfactory  when  the  acetic  acid  is  pure  and  of  99  per  cent 
strength.  The  bromin  solution  has  not  been  so  thoroughly  tested,  but  a  solution 
of  N/3  bromin  in  pure  carbon  tetrachlorid  showed  very  little  change  in  strength  in  5 
months,  which  would  make  it  perfectly  satisfactory  on  that  score.  Some  peculiarities 
of  the  bromin  solution  will  l)e  noted  later. 

The  cooperative  work  was  limited  to  a  comparison  of  the  results  obtained  on  vari- 
ous oils  by  the  Hiibl,  Hanus,  and  Wijs  methods,  the  object  being  to  find  what  differ- 
ence in  the  present  limits  on  iodin  numbers  would  l>e  brought  alx)ut  by  adopting 
either  of  the  new  methods.  Six  samples  of  oils,  with  the  following  directions,  were 
sent  out  by  the  referee  to  a  number  of  chemista  interested,  with  the  request  that 
careful  comparative  work  be  done  on  these  with  both  the  Hanus  and  Wijs,  and  that 
figures  be  reported  on  such  other  fats  and  oils  as  might  be  available. 

DiRBCTIONS   FOB  lODIN  WoRK. 

Hubl  method, — Follow  method  as  given  in  Bulletin  No.  46  or  No.  65.  Allow 
excess  of  at  least  50  per  cent  of  the  total  iodin  added. 

Hanus  method, — Dissolve  13.2  grams  iodin  in  1,000  cc  glacial  acetic  acid  (showing 
no  reduction  with  bichromate  and  sulphuric  acid);  add  enough  bromin  to  double  the 
halogen  content  determined  b^'  titration.  Three  cubic  centimeters  of  bromin  is  about 
the  proper  amount.  The  iodm  may  be  dissolved  by  the  aid  of  heat,  but  the  solution 
should  06  cold  when  bromin  is  added. 

Wijs  method. — Dissolve  13.2  ^rams  iodin  in  acetic  acid,  same  as  used  in  Hanus  solu- 
tion, and  run  in  current  of  dried  and  purified  chlorin  gas  until  the  halogen  content 
is  nearly  doubled;  a  slight  excess  of  iodin  should  be  allowed.  The  solution  may  also 
be  made  by  dissolving  10  grams  iodin  trichlorid  in  glacial  acetic  acid  and  adding  10.8 
grams  of  iodin. 

These  two  solutions  are  used  in  the  same  manner  as  in  the  Hiibl  metho<l  except 
that  an  excess  of  70  per  cent  of  the  iodin  added  is  allowed;  10  cc  of  the  potassium 
iodid  solution  is  added  instead  of  20  cc,  and  the  time  of  reaction  is  shortened  to  15 
minutes  and  30  minutes,  depending  on  whether  a  nondrying  oil,  a  drying  oil  or  a  fat 
is  tested.  After  the  potassmm  iodid  solution  is  added  the  mixture  must  be  shaken 
thoroughly  before  adding  the  water. 

In  reporting  results  state  details  as  to  methods  and  manipulation. 

References: 

Hanus:  Zeits.  Nahr.  Genussm.,  1901,  4:  913;  J.  Soc.  Chem.  Ind.,  1902,  p.  455. 

Wijs:  Berichte,  1898,  p.  752;  J.  Soc.  Chem.  Ind.,  1902,  p.  455. 

As  a  result  of  the  remarkable  interest  shown,  enough  figures  have  been  reported 
on  many  kinds  of  fats  and  oils  to  give  a  very  satisfactory  basis  of  cH>mparison  for  the 
three  methods.  These  results  have  been  collected  in  the  following  tables.  Table  II 
was  prepared  from  results  received  on  the  samples  sent  out  by  the  associate  referee. 


«Chem.  Analysis  of  Oils,  Fats,  and  Waxes,  IHJH),  p.  173. 
''Chem.  Rev.  Fett-  u.  Uartz-Ind.,  1899,  6:  7. 
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Table  II. — Remits  on  official  samples  of  oils. 


Kind  of  oil. 


Olive.... 

Do.. 

Do.. 

Do.. 

Do.. 
Rape  — 

Do.. 

Do.- 

Do.. 

Do.. 
Mustanl. 

Do.. 

Do.. 

Do.. 

Do  .. 
Maiae . . . 

Do.. 

Do.. 

Do.. 

Do.. 
Poppy... 

Do.. 

Do.. 

Do.. 

Do.. 

Do., 
linseed . 

Do.. 

Do.. 

Do.. 

Do.., 


Hubl 
number. 


89.8 
89.0 
88.3 
87.0 
89.5 
101.3 
100.6 
99.9 
102.0 
101.3 
113.6 
111.7 
114.1 
llfi.4 
112. 4 
123.3 
114.1 
118.8 
120.9 
121.9 
134.9 
133.9 
135.1 
132.8 
138.2 
182.0 


■| 


167.7 
166.7 
178.0 
166.1 


Han  us 
number 
(30  min- 
utes). 

Wiis 
number 
(30  min- 
utes). 

91.4 

90.0 

89.6 

90.5 

90.2 

92,2 

88.2 

90.8 

90.2 

90.2 

106.2 

105.7 

103.2 

104.7 

104.3 

103.1 

10J.8 

105.2 

101.5 

105.7 

116.8 

U8.2 

115.2 

116.9 

116. 2 

118.4 

113.5 

117.9 

113.0 

116.9 

126.0 

129.2 

123.4 

126.9 

123.1 

126.8 

122.0 

124.8 

121.7 

125.7 

138.4 

139. 1 

135. 1 

13<;.  7 

134.9 

1*1.9 

132.4 

136.0 

136.4 

138.5 

133.3 

135.8 

183.7 

188.7 

185.1 

188.4 

186.1 

188.6 

180.9 

187.2 

186.3 

189.2 

Differ- 
ence 
Hanus 
and  HUbl 
numbers. 


-f-  0.2 
-I-  .6 
+  1.9 
4-  1.2 
-H  .7 
+  8.9 
+  2.6 
-I-  4.4 

-  .2 
+  .2 
-f-  3.8 
+  8.5 
-f  2.1 
+  LI 
+  .6 
-t-  2.7 
+  9.8 
+  4.8 
-f-  1.1 

-  .2 
+  8.5 
-f  1.2 

-  .2 

-  .4 

-  1.8 
-f-  1.8 


Differ- 
ence 

Wijs  and 
Hiibl 

numbers. 


-1-17.4 

-fl9.4 
-f  7.9 
+21.2 


-I-  1.6 
-f-  1.5 
-f-  3.9 
-I-  3.8 
+  .7 
+  4.4 
+  4.1 
-I-  3.2 
-H  3.2 
-I-  4.4 
+  5.2 
-h  5.2 
-h  4.3 
-f-  5.6 
-I-  4.6 
+  5.9 
+11.8 
+  8.0 
+  3.9 
+  8.8 
+  4.2 
+  2.8 

-  .2 
+  3.2 

-  .8 
+  3.8 


Analyst. 


+20.7 
+21.9 
+14.2 
+24.1 


Tolman  and  Munson. 

Blasdale. 

Van  Wormer. 

Adams. 

Lane. 

Tolman  and  Munson. 

Blasdale. 

Van  Wormer. 

Adams. 

Lane. 

Tolman  and  Munson. 

Blasdale. 

•Van  Wormer. 

Adams. 

Lane. 

Tolman  and  Munaon. 

BlaMlale. 

Van  Wormer. 

Adams. 

Lane. 

Tolman  and  Munaon. 

Blasdale. 

Van  Wormer. 

Adams. 

Woodman. 

Ijane. 

Tolman  and  Munson. 

Blasdale. 

Van  Wormer. 

Adams. 

Lane. 


All  these  oils  have  a  comparatively  high  iodin  number  and  the  agreement  between 
the  results  obtained  by  the  different  methods  is  not  so  close  as  is  found  with  the  fats 
and  oils  of  a  low  iodin  number.  The  Hiibl  method,  especially  on  the  oils  with  high 
iodin  numbers,  shows  many  discrepancies  between  the  results  of  the  various  analysts. 
The  Wijs  method  gave  the  best  results;  especially  is  this  true  with  linseed  oil  where 
the  maximum  difference  l^tween  the  results  of  the  five  analysts  was  2.00  numbers. 
The  Hanus  method  also  gives  good  results,  which  are  uniformly  lower  than  those  of 
the  Wijs  method,  making  a  closer  agreement  with  figures  at  present  obtained  by  the 
Hiibl  method.  This  agreement,  however,  is  not  of  great  value  on  these  oils,  espe- 
cially the  rape,  mustard,  maize,  poppy,  and  linseed  oils,  as  the  published  data  give 
such  wide  limits. 

These  wide  limits  are  doubtless  largely  due  to  the  varying  methods  and  modifica- 
tions of  the  Hiibl  method  aseil  in  the  determination.  The  Hiibl  solutions  used  in 
this  work  were  not  more  than  24  hours  old,  and  the  results  show  this  wide  variation. 
If  they  had  varied  in  age  fn^m  one  week  to  three  weeks,  probably  a  very  much  wider 
variation  would  have  lx*en  found.  This  point  is  illustrated  in  the  table  foilow^ing, 
taken  from  Bentnlikt  and  Ulzer,  page  205. 
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Table  III. — Remlta  obtained  with  Bubl  sohaionK  of  rarying  aget. 


Age  of 

Htibl 

solution. 

Exoeas 

of 
iodin. 

« 

Iodin 

number 

of  linseed 

oil. 

Equiva- 
lent of 
26  cc  of 
solution 
in  N/10 
thio. 

Days. 

Per  cent. 

Cc. 

1 

62.6 

201.0 

47.11 

2 

64.0 

198.6 

45.7 

4 

66.0 

196.7 

44.25 

11 

67.0 

191.0 

38.89 

26 

68.0 

185.9 

31.81 

These  figures  show  a  difference  of  5  numbers  with  the  same  solution.  It  is  on 
oils  of  this  kind  that  the  new  solutions  will  give  much  more  satisfactory  results. 

Table  III  contains  the  results  obtained  by  G.  E.  Patrick  on  51  butters  and  14 
oleomargarins  by  the  Hubl  and  Hanus  methods.  In  every  case  he  obtained  slightly 
higher  results  with  the  Hanus  method  than  vrith  the  Hiibl.  The  average  on  51 
samples  of  butter  was  1.01  numbers,  and  the  maximum  was  1.97  numbers.  On  the 
14  samples  of  oleomargarin  the  average  was  1.14  numbers  higher  and  maximum  of 
1.61  numbers.  These  results  were  on  fresh  and  rancid  products,  the  results  showing 
no  difference. 

Table  IV. — Comparison  of  HvM  and  Ilanus  methods  on  butter  and  oleomargarin  {G.  E. 

Patrick), 

BUTTERS. 


Htibl. 

Hanus. 

Differ- 

1 

Labora- 
tory No. 

No. 

Time. 

No. 

Time. 

ence 

between 

HanuH 

and 

Hubl 

numbers. 

Remarks.             1 

Hrs. 

Min. 

j 

189 

33.68 

34.59 

80 

+0.91 

! 

140 

28.98 

29.42 

75 

+  .44 

; 

141 

31.39 

32.00 

60 

+  .61 

142 

30.20 

80.47 

30 

+  .27 

143 

30.57 

30.82 

60 

-t-  .25 

144 

36.24 

37.06 

60 

+  .82 

145 

85.27 

36.38 

80 

+  1.11 

146 

84.50 

35.62 

30 

+  1.12 

147 

32.16 

83.15 

30 

+  .99 

927 

29.24 

29.84 

30 

+  .64 

928 

35.97 

36.56 

30 

+  .58 

151 

29.51 

3 

81.25 

30 

+1.74 

153 

35.62 

3 

87.69 

30 

+1.97 

27 

28.11 

3 

29.99 

30 

+  1.88 

35 

31.69 

3 

33.28 

30 

+1.69 

32 

83.88 

8 

34.67 

80 

+1.29 

75 

78 

26.90 
36.79 

3 

27.96 
38.28 

80 
30 

H  1.06 
+  1.49 

Very  rancid. 

864 

35.04 

36.95 

30 

+  1.91 

871 

29.48 

31.24 

80 

+1.76 

872 

81.41 

32.71 

80 

+1.30 

1089 

43.06 

44.59 

30 

+1.61 

1102 

31.38 

32.24 

30 

+  .86 

Fresh. 

1108 

33.66 

34.14 

30 

+  .48 

119— No 

81—04- 

4 

r^ 

Digitized  by  VjUUV 

50 


Table  IV. — Comjmriwn  of  Ili'ibl  (nid  Haims  methods  on  butter  and  oleomargarin  ( O.  E. 

Patrick) — Continued . 

BUTTERS-Continued. 


HQbl. 


I 


HanuB. 


Labora- 
tory No. 

No. 

73 

34.19 

82 

35.52 

86 

35.53 

41.a'i 
39.75 

1141 

1089 

42.86 

1090 

43.03 

81 

39.65 

84 

34.45 

871 

27.85 

872 

30.24 

151 

28.64 

158 

33.93 

74 
76 

77 
79 


1157 
1159 
1160 
1161 
1162 
1163 
1156 
1158 


34.98 
35.76 
36.98 
35.90 
39.48 
32.70 
39.77 
38.73 
41.30 
37.28 
36. 6» 
32.62 
37.72 
39.52 


49 

46.38 

37 

41.58 

XXX 

49.39 

118 

59.93 

1010 

54.74 

21805 

46.45 

21920 

66.17 

21923 

65.29 

21925 

52. 94 

22287 

68.91 

22648 

50.68 

28376 

46.64 

995 

72.39 

1073 

72.24 

Time. 


Hrt. 
4 
4 
4 
4 
4 
4 
4 
3i 
3i 
3i 
3i 
34 
3i 
1 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 


No.      .  Time. 


I    Differ- 
ence 

'  between 

Han  us 

and 

I     Hiibl 

I  number8. 


34.76 
36.23 
36.38 
42.  a5 
41.27 
44.27 
44.44 
40.67 
34.97 
28.31 
30.58 
29.03 
34.69 
36.12 
36.77 
38.28 
36.77 
40.92 
33.66 
40.04 
39.64 
42. 64 
37.94 
36.66 
:W.43 
:«.  52 
40.27 


I  Mill. 
I        30 

30 
I        30 

30 


80 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30    ' 

30 

:^o  I 

:»  I 

:«)  ' 

30  ' 


+  .57 
+  .71 
+  .85 

+  !.:» 

+  1.52 
+1.41 
+1.41 
+  1.02 


.52 
.46 
.34 
.49 
.76 


+  1.11 
+  1.01 
+  1.30 

+  .87 
+  1.44 
+  .96 
+  .27 
+  .91 
+  1.24 
+  .66 
+  .«) 
+  .91 
+  .80 
+  .75 


+1.01 
+  1.97 


OLEOMARGARIN. 


47.99 
43. 12 
50.69 
61.01 
55. 70 
47.62 
66. 65 
66.44 
53. 81 
69.18 
52.0<i 
48.  a5 
73.90 
73.51 


60 
45 
30 
30 
80 
30 
30 
30 
30 
30 
30 
30 
30 

:« 


+1.61 
+  1.64 
+1.30 
+1.08 
+  .96 
+  1.17 
+  .48 
+  1.15 
+  .90 
+  .27 
+  1.38 
+  1.41 
f-1.51 
+  1.27 

+1.14 
+  1.61 


Remarks. 


Very  rancid. 


Rancid. 


Do. 


Fresh. 


Average. 
Maximum. 


Very  rancid. 
Do. 
Do. 
Do. 
Do. 


Two  years  old. 


Four  months  old. 
Three  months  old. 

I  Average. 
[.Maximum. 
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Table  V. — ResuUs  on  miBceUaneous  oils  aud  fcUs. 


Kind  of  oil  or  fat, 


Hiibl 
number 
(3  hours). 


Cocoannt ' 

Do ! 

Butter 

Do 

Do 

Do 

Do 

Do I 

Do 

Do ! 

Oleomargarin . . . 

Do I 

Do 

Do I 

Do 

Do 

Do I 

Do i 

Do .<: 

Do 

Do j 

Do 

Do I 

Do ' 

Do 

Olive I 

Cotton  seed ' 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Peanut 

Do 

Do 

Mustard 

Do 

Do 

Do 

Do 

Rape 

Do 

Sunflower 

Sesame 

Do 

Maize 

Do 

Poppy 

Linseed 


8.93 
8.31 
35.3 
a4.8 
28.96 
29.90 
36.5 
41.0 
42.1 
40.5 
12.6 
53.6 
52.8 
52.6 
66.3 
64.38 
52.00 
66.1 
47.7 
46.6 
49.8 
46.4 
50.2 
48.8 
47.3 
82.55 
103.8 
106.2 
101.8 
111.90 
95. 84 
94.09 
108.2 
1W).6 
ia5.6 
96.3 
91.5 
107.7 
110.4 
113.0 
98.4 
103.5 
106.4 
101.3 
100.2 
106.4 
106.4 
95.9 
119.0 
119.0 
133.4 
169.8 


Han  us 
number 
(30  min- 
utes). 

Wijs  num- 
ber (30 
minutes). 

Difference 
between 

Hanus  and 

Hubl 
numbers. 

8.60 

9.05 

-  0.33 

8.12 
86.3 

-    .19 
.00 

36.2 

35.4 

86.9 

+     .60 

29.91 

30.48 

+     .95 

30.0 

30.60 

+    .10 

35.4 

-  .10 
-f-     .40 

-  .20 
-+-    .50 
+     .70 

41.4 

41.9 

41.0 
43.3 

43.6 

52.3 

63.5 

-  1.30 

52.2 

53.7 

-    .60 

52.0 

52.9 

-     .60 

64.8 

66.0 

-    .30 

65.7 

66.4 

+  1.40 

52.0 

52.2 

.00 

67.8 

67.5 

+  1.70 

48.5 
47.6 

+     .80  1 

+  1.00  ' 

50.6 

+     .70 

48.0 



+  1.60 

51.8 
48.9 

+  1.60  1 

+    .10  ' 

48.2 

+     .90 

81.6 

+  2.1 

105.2 

105.3 

+  1.40 

107.8 

107.3 

+  1.60  i 

106.7 

106.2 

+  1.90 

111.2 

113.4 

-     .70  1 

96.5 

99.9 

+     .66 

97.47 

96.97 

+  3.38  1 

106.6 

-  1.6 

104.7 

-  1.9    ! 

103.1 

-  2.5    1 

97.4 

99.0 

+  1.10 

91.1 

95.2 

-     .10 

107.7 

109.5 

.00 

115.5 

118.5 

+  5.10 

116.8 

118.2 

+  3.80 

103.8 

104.3 

+  bAO 

110.2 

112.5 

+  6.70 

114.8 

117.3 

+  8.  10 

10.5.2 

105.7 

+  3.90 

102.8 

104.1 

+  2.60 

107. 2 

109.2 

+     .80 

106.5 

107.0 

+     .10 

103.5 

100.8 

+  7.6 

1-20.2 

123.2 

+  1.20 

119.6 

122.2 

+     .60 

132.9 

135.2 

-     .60 

184.5 

186.5 

+14.70 

Difference 
between 
Wijs  and 

Hiibl  num- 
berH. 

Analyst. 

+  0.12 

Tolman  and  Munson. 

Blasdale. 

+    .90 

Tolman  and  Munson. 

+  1.10 

Do. 

+  1.52 

Woodman. 

+     .70 

Van  Wormer. 

Adams. 

Do. 

Do. 

Do. 

-f-    .90 

Tolman  and  Munson. 

-     .10 

Do. 

+     .90 

Do. 

+     .40 

Do. 

-  1.50 

Do. 

+  2.10 
+  .20 
+  1.40 


+  1.50  I 
+  1.10 
+  1.40 
+  1.50 
+  4.1 
+  2.S« 


+  2.70 
-f  .  70 
+  1.80 
+  8.10 
+  5.20 
+  5.90 
+  9.00 
+10.90 
+  4.40 
+  3.90 
+  2.80 
+  .60 
+  4.9 
+  4.20 
+  3.20 
+  1.80 
+16.70 


Woodman. 
Van  Wormer. 

Do. 
Adams. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Woodman. 
Tolman  and  Munson. 

Do. 

Do. 
Woodman. 
Van  Wormer. 
Blasdale. 
Adams. 

Do. 

Do. 
Tolman  and  Munson. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Bla^sdale. 
Tolman  and  Munson. 

Do. 

Do. 

Do. 
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Mr.  Patrick  makes  the  following  comment: 

The  Hanus  solution  has  two  strong  points  in  its  favor,  namely,  good  keeping 
qualities  and  rapidity  of  action  on  the  fats.  The  latter  feature  is  important  not  alone 
because  it  expedites  work,  but  also  because  it  very  largely  obviates  the  errors  due  to 
expansion  of  liquids,  provided  blanks  be  run  at  rather  frequent  intervals  throughout 
the  day's  work.  The  advantages  of  the  Hanus  solution  are  so  marked  that  I  have 
adopted  it  for  regular  use. 

Mr.  Patrick's  results  and  those  reported  by  the  other  analysts  oh  butter  and  oleo- 
margarin  indicate  that  the  Hanus  method  could  be  su Instituted  for  the  Hubl  in 
the  examination  of  butter  and  similar  products  without  any  appreciable  change  in 
the  limits  at  present  held  on  these  products.  The  same  may  also  be  said  of  the 
Wijs  reagent,  although  in  nearly  every  case  the  Wijs  shows  slightly  higher  results  on 
these  fats  than  the  Hanus. 

Table  V  contains  the  results  on  miscellaneous  oils  and  fats  sent  in  by  the  various 
chemists. 

Table  VI  contains  the  results  on  11  samples  of  pure  olive  oil  i)repared  by  G.  E. 
Colby,  of  the  University  of  California,  and  sent  by  him  to  W.  C.  Blasdale  and  the 
referee.  These  results  show  that  the  Hanus  solution  gave  the  best  comparative 
results,  there  being  a  smaller  average  difference  among  results  obtained  by  that 
method  than  with  others,  and  a  lower  maximum  difference,  the  Hul>l  method 
showing  the  greatest  difference  and  the  Wijs  the  next.  This  would  indi(ate  that 
the  Hanus  and  Wijs  methods  had  a  tendency  to  give  more  uniform  results  than  the 
Hiibl,  which  is  certainly  a  strong  point  in  their  favor.  This  fact  was  also  noted 
in  Table  II  giving  results  on  the  official  samples.  It  is  also  evident  from  Table  VI 
that  the  Wijs  solution  gives  slightly  higher  results  on  olive  oils.  This  confirms  the 
referee's  previous  work  « in  which  the  average  difference  on  36  samples  was  -fl.2 
numbers. 

Table  VI. — Pure  olive  oils. 


Number. 


Average  ... 
Maximum . 


Hiibl  number. 


1 1  83.7 

2 83.7 

3 79.9 

4 8fl.  1 

6 83.2 

6 M.6 

7 90. 6 

8 '. 86.4 

9 84.8 

10 86.1 

11 MA 

s 

82. 
81. 
77. 
85. 
83. 
82. 
87. 
83. 
82. 
81. 
8-1. 


O 

83.1 
83.7 
79.7 
86.0 
82.9 
83.8  j 

90.0  j 
84.8  ; 

85.1  ' 
85.8 

8:}.o 


Hanus  number. 


J. 


I 


83.7 
84.0 
79.1 
85.6 
83.0 
M.6 
89.8 
85.1 
8^4.1 
86.7 
84.1 


83.24 
79.51 
86.65 
84.24 
85.64 
89.46 
84.88 
84.18 
85.76 
85.49 


83.7 
83.0 
80.5 
85.5 
83.9 
85.5 
90.5 
86.7 
85,0 
87.6 
84.0 


Wij8  number. 


85.0 
85.9 
81.3 
86.6 
84.4 
85.4 
91.5 
86.7 
85.9 
87.8 
85.1 


1 

83.44 
83.73 
79.22 
85. 57 
83.13 
83.84 
90.62 
85.03 
84.16 
86.65 
81. 66 


Maximum  differ- 
ence. 


«.7J 

84.2  I 

81.3  I 
87.9  ' 
83.7  I 
86.0  ! 

91.4  I 
85.3  ' 
86.9 

87.0 ; 

84.6  I 


0.1 
1.0 
1.4 
1.1 
1.2 
1.0 
1.1 
1.9 
.9 
1.9 
1.4 


1.2 
1.9 


1.6 
2.2 
2.1 
2.4 
1.3 
2.2 

.9 
1.7 
2.8 
1.2 

.5 


1.7 

2.8 


The  Hanus  figures,  obtained  by  the  different  analysts,  do  not  have  quite  the  same 
close  agreement.  The  referee  has  obtained  very  close  agreement  between  Hanus  and 
Hiibl.  On  36  samples  previously  reported -the  average  difference  was  0.59,  and  on 
the  11  samples  of  Table  VI  an  average  of  0.24.  Blasdale  gets  a  slightly  wider  differ- 
ence of  1.4  numbers,  while  Colby  gets  0.89.  The  average  of  all  would  give  less  than 
1.     These  revsults  seem  to  show  that  these  solutions  are  satisfactorv  substitutes. 


«Tolman  and  Munson,  J.  Amer.  Chem.  Soc.,  1903,  25:  244. 
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Table  VII  contains  tlie  results  reported  by  N.  J.  Lane,  and  inclndes  some  results 
on  the  iodin  numberw  of  the  liquid  fatty  acids  of  the  various  oils  and  fats.  He 
makes  the  following  comment  in  reganl  to  the  merits  of  the  methods: 

I  think  the  Hanus  is  so  far  ahead  that  it  reijuires  no  comment  as  to  its  use  on  the 
straight  oils.  The  differences  between  it  and  the  Hubl  are  so  slight  as  to  be  n^li- 
gible.  Different  samples  of  the  same  oil  vary  more  than  the  results  by  these  two 
methods  on  the  same  sample,  and  therefore  it  could  readily  be  substituted  for  the 
Hiibl  without  any  inconvenience  or  change  of  standards. 

Regarding  the  action  of  the  Hanus  solution  on  the  liquid  acids,  the  results  do  not 
agree  very  well,  either  among  themselves  or  with  the  Hiibl,  but  this  may  be  a  matt-er 
of  time  of  action.  For  some  reason  liquid  acids  require  more  time  for  complete 
absorjition  of  iodin  than  the  straight  oil  and  it  is  useless  to  attempt  to  get  the  Hiibl 
value  in  less  than  12  to  14  hours.  The  difference  between  the  Hiibl  and  the  Wijs 
methods  seems  to  render  the  Wijs  impracticable  for  general  use  without  a  revision 
of  all  standards.  It  does  not  possess  any  advantage  over  the  Hanus,  and  the  solu- 
tion is  far  more  troublesome  to  prepare. 

Comments  by  Cooperating  Analysts. 

W,  C.  Bkisdale. — As  to  the  relative  merits  of  the  three  processes  I  think  I  should, 
on  the  whole,  prefer  the  Hanus.  The  manipulation  is  quite  as  satisfactory  as  the 
Hubl  and  the  shorter  time  required  for  a  determination  is  a  very  decided  advantage 
as  well  as  the  greater  permanence  of  the  solution. 

A,  G.  Woodman. — 1  think,  on  the  whole,  I  prefer  the  Hanus  method  to  the  Wijs 
for  convenience  in  preparation  of  the  solution  and  in  use.  Either  is  far  preferable 
to  the  Hiibl.  I  suggest  the  following  methods  for  dissolving  the  iodin  and  weighing 
the  fat: 

HANUS  SOLUTION. 

Dissolve  C.  P.  iodin  in  glacial  acetic  acid.  Place  the  iodin  in  a  flask  immersed  in 
hot  water  and  add  the  acid  in  small  amounts  with  frequent  shaking  and  decanting 
until  solution  is  complete.     To  the  cold  solution  add  the  required  amount  of  bromin. 

WEIGH  I  NO   SAMPLES. 

Weigh  out  the  oil  in  a  small  beaker  containing  also  a  short  piece  of  ^lass  tubing 
drawn  out  like  a  burette  tip.  To  the  upper  end  of  this  attach  a  small  bit  of  rubber 
tubing  containing  a  gla&s  l>ead  to  close  the  end.  Weigh  the  whole  system,  then  by 
compressing  and  releasing  the  rubber  tube  draw  a  quantity  of  oil  partly  up  the  glass 
tube,  transfer  the  reauired  number  of  drops  to  the  bottle  and  weigh  the  system 
again.  Weigh  the  solid  fats  at  such  a  temperature  that  they  are  liquid  and  homo- 
i?eneou8.  Calculate  the  amount  taken  in  each  case  so  that  about  70  per  cent  of  the 
iodin  is  in  excess. 

A,  B.  Adams. — In  their  workings  the  Hanus  and  the  Wijs  methods  are  very 
similar,  but  of  the  tw^o  we  prefer  the  Hanus,  for  the  following  reasons: 

1.  In  making  up  the  solutions,  bromin  is  more  easily  obtained  than  iodin 
trichlorid. 

2.  The  figures  obtaine<l  in  the  Hanus  are  very  nearly  the  same  as  those  given  by 
the  official  method  (Hiibl). 

Of  the  three,  Hanus,  Wijs,  and  Hiibl,  we  prefer  the  Hanus,  for  the  following 
reasons: 

1.  Length  of  time  required  to  make  up  the  reagent — Hanus  being  ready  immedi- 
ately, the  Hiibl  not  until  it  has  stood  12  hours. 

2.  The  Hiibl  solution  weakens  rapid  I  v,  the  Hanus  very  slowly. 

3.  With  the  Hanus  method  nearly  all  oils  require  only  about  30  minutes  for  com- 
plete absorption,  while  with  the  Hiibl  3  hours  is  not  sufficient. 

4.  In  agreement  of  duplicates  the  Hanus  method  is  far  superior;  in  fact,  there  is  no 
comparison  between  the  two. 

There  seems  to  l)e  every  reason  in  favor  of  the  Hanus  method.  In  our  work  the 
oleo  is  allowed  to  stand  30  minutes,  as  we  think  this  gives  safer  figures  in  all  cases. 
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Linseed  oil  should  be  allowed  to  stand  1  hour.     In  short,  30  minutes  for  oils  or  fats 
with  a  figure  below  150,  with  a  figure  over  that,  1  hour  should  be  long  enough. 

R.  E,  DooliUle.— The  only  difficulty  experienced  with  these  methods  was  the 
weighing  out  of  the  trichiorid.  This  could  be  obtained  in  1-oz.  bottles,  or  even  }-oz., 
and  the  whole  bottle  used,  which  would  do  away  with  the  difficulty. 

The  remainder  of  the  paper  is  a  report  of  work  done  by  the  referee  in  the  Bureau 
of  Chemistry: 

The  Wijs  Solution. 

Wijs «  directs  that  there  be  an  excess  of  70  per  cent  of  the  iodin  added  in  the 
determination  in  order  to  insure  complete  and  rapid  absorption,  but  the  results  on 
linseed  oil  given  in  Table  VIII  indicate  that  such  a  large  excess  is  unnecessary.  In 
each  of  the  determinations  0.1500  gram  of  linseed  oil  was  used  and  the  solution 
was  allowed  to  stand  30  minutes  in  contact  with  oil. 

Table  VIII. — Iodin  absorption  of  linseed  oil  imih  varying  excess. 


Wij«  so- 
lution. 

Value  In 
N/10  iodin. 

Amount  of 
iodin  ab- 
sorbed In 

N/10  Iodin. 

Iodin 
number. 

Excess 
of  iodin. 

cc 

cc 

cc 

Percent. 

25 

61.28 

28.16 

193.4 

62 

20 

49.35 

23.13 

193.7 

53 

15 

37.08 

23.13 

193.7 

37 

These  figures  show  that  with  an  excess  of  only  37  per  cent  the  same  results  were 
obtained  in  30  minutefi  as  with  an  excess  of  62  per  cent.  Linseed  oil  was  used  on 
account  of  ita  high  iodin  number  and  because  it  takes  longer  to  obtain  complete 
absorption  with  it  than  with  oils  of  a  lower  iodin  value.  This  smaller  excess 
effects  a  great  saving  in  solution  and  makes  titrations  more  rapid.  This  smaller 
excess  does  not  greatly  affect  the  speecl  of  reaction,  as  is  shown  in  Table  IX. 

Table  IX. — Effect  of  excess  of  Wijs  solution  on  speed  of  reaction. 


Time. 

Iodin  numbern.       1 

Excess  of 
iodin  62 
per  cent. 

Excess  of 
iodin  37 
per  cent. 

Minuter. 

1 

191.1 

189.0 

5 

19L9 

191.2 

10 

191.1 

191.4 

15 

191.7 

191.4 

30 

192.3 

191.4 

60 

198.1 

These  results  show  that  the  reaction  between  the  Wijs  reagent  and  the  oil  is  very 
rapid,  even  with  only  37  per  cent  excess. 

Table  X  shows  that  when  the  determinations  are  made  in  the  light  the  iodin 
number  seems  to  increase  up  to  a  definite  point  where  it  remains  constant  for  a 
short  time,  then  gradually  increases  up  to  4  hours  with  no  tendency  to  remairf  con- 
stant.    In  the  dark  the  iodin  number  remained  constant  from  1  to  2  hours. 


«Zeit.  Nahr.  Genussm.,  1902,  6:499. 
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Table  X. — Todin  number  of  linseed  oil  by  Wijs  solution. 


lodin  numbers. 

Time. 

In  light. 

In  dark. 

Minutes. 

1 

192.4 

186.1 

10 

193.1 

192.6 

SO 

198.1 

192.9 

60 

194.1 

193.5 

120 

194.7 

193.4 

240 

195.7 

Table  XI. — Effect  of  time  and  light  on  Wijs  and  Hanus  solutions. 


Time. 

lodin  numbers. 

In  light. 

In  dark. 

WIJ8. 

30  minutes. 
5  hours  — 

HANU8. 

80  minutes. 
5  hours.... 

191.9 
194.0 

189.1 
191.9 

192.1 
193.0 

189.2 
192.1 

It  will  be  noticed  from  these  results  that  on  the  Wijs  solution,  standing  30  min- 
utes, the  light  has  no  effect;  the  same  may  be  said  of  the  Hanus.  In  the  5-hour 
test  two  effects  are  noted  in  the  Wijs,  namely,  there  is  a  very  slight  increase  in  the 
iodin  number  over  the  figures  obtained  in  30  minutes,  and  the  results  obtained  in 
the  light  are  slightly  greater  than  those  obtained  in  the  dark.  With  the  Hanus 
solution  there  is  a  slight  increase  in  5  hours  over  30  minutes,  but  no  difference  in 
light  or  dark.  This  would  indicate  that  there  it  is  not  necessary  to  stand  either  the ' 
Wijs  or  Hanus  solution  in  a  dark  cupboard  when  30  minutes  are  allowed  for  the 
reaction. 

This  increase  of  absorption  on  long  standing  is  probably  due  to  secondary  reactions 
as  is  shown  in  the  results  with  iodin  chlorid  in  carbon  tetrachlorid  given  in  Table 
XI.  Upon  standing  longer  than  thirty  minutes  substitution  takes  place  and  longer 
standing  shows  a  remarkable,  though  gradual,  change  in  the  results. 

Table  XI. — Iodin  number  by  iodin  chlorid  in  carbon  tetrachlorid. 


Time. 

Total. 

Addition. 

Substitution. 

Hourt. 

5 

6 

.   1 

210.8 
204.8 
198.6 
195.2 

184.9 
190.9 
194.2 
194.6 

12.9  in  light. 

6.9  in  dark. 

2.2  in  light. 

.80  in  light. 

These  figures  show  that  the  addition  apparently  decreases  with  time  after  1  hour, 
with  a  gradual  increase  in  the  total  amount  of  iodin  entering  into  combination.  This 
indicates  that  with  iodin  chlorid  in  carbon  tetrachlorid,  standing  longer  than  30 
minutes  is  no  advantage  and  longer  than  1  hour  gives  entirely  unreliable  figures.    It 
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seems  probable  that  the  same  thing  will  be  shown  with  iodin  chlorid  in  acetic  acid 
although  to  a  much  less  extent,  and  that  long  standing  gives  untrue  results.  With 
iodin  bromid  in  carbon  tetrachlorid  the  secondary  reactions  are  much  weaker,  but 
the  gradual  increase  up  to  18  hours'  standing  with  Han  us  solution  is  doubtless  due 
to  the  same  cause.  This  indicates  that  there  is  a  maximum  as  well  as  a  minimum 
time  which  should  be  allowed  for  the  reaction,  and  for  the  Wijs  solution  this  limit  is 
l)etween  15  minutes  and  1  hour,  the  advantage  being  with  the  shorter  time  rather 
than  the  longer,  30  minutes  being  satisfactory  for  either  solution. 

The  Hanus  Solution. 

Hanu8<'  also  advises  an  excess  of  70  per  cent  in  order  to  insure  complete  absorption, 
and  the  results  given  in  Table  XII  show  that  nearly  this  large  excess  is  necessary 
to  obtain  complete  absorption  on  linseed  oil  in  30  minutes. 

Table  XII. — Iodin  number  of  linseed  oil  imth  varying  excess  of  iodin. 


WiJs 
solution. 

Value  in 
N/10  iodin. 

Amount  of 
lodin  ab- 
Horbed  in 
N'lO  iodin. 

Iodin 
number. 

Excess 
of  iodin. 

ec 

ec 

ec 

Percent. 

25 

54.76 

23.26 

196.3 

bl  ' 

20 

44.08 

22.73 

191.9 

48 

15 

83.06 

21.86 

184.6 

84 

These  figures,  if  compared  with  Table  VIII,  show  how  much  slower  in  reaction  the 
Hanus  solution  is  than  the  Wijs,  and  how  much  greater  excess  is  needed  to  produce 
the  same  results.  Table  XIII  also  brings  out  the  slowness  of  the  Hanus  solution  as 
compared  with  the  Wijs. 

Table  XIII. — Iodin  numbers  by  Hanus  solution  in  varying  times. 


Time. 

Iodin 

No.  1. 

In  light. 

Iodin 

No.  2. 

In  light. 

Iodin 

No.  3. 

In  dark. 

Iodin 

No.  4. 

In  dark. 

Iodin 

No.  4. 

In  light. 

MimiteB. 

1 

5 

10 

15 

80 

Houn. 

1 

2 

4 

5 

18 

164.8 
178.9 
181.3 
184.6 
185.6 

185.6 

164.6 

166.9 

182.2 
186.7 
187.5 

187.5 
188.5 
189.5 

187.7 

191.0 

191.8 
191.0 

189.2 

189.1 

192.1 

191.9 

193.8 

These  results  on  samples  of  linseed  oil  by  different  analysts  show  that  it  takes 
30  minutes  by  the  Hanus  solution  to  reach  the  constant  stage  which  is  reached  by 
the  Wijs  in  10  minutes.  The  absorption  is  constant  from  30  minutes  to  1  hour  and 
then  begins  the  gradual  rise,  as  was  the  case  with  the  Wijs,  and  the  same  explana- 
tion is  suggested.    The  Hanus  is  less  affected  by  light  than  the  other  solutions. 

aZeit.  Nahr.  Genuasm.,  1901,  4:  913. 
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BroMIX     SoM'TlON     AND     CaRBON     TETRACniX)RID    AS    A     SoLVENT     IN    THE    WlJ8    AND 

1 1  ANUS  Methods. 

In  connet'tion  with  the  work  of  testing  the  Hanus  and  Wijs  solutions,  it  was 
thought  well  to  test  the  bromin  solution  proposed  by  Mcllhiney  and  also  the  sub- 
stitution of  carbon  tetrachlorid  as  a  solvent  for  acetic  acid  in  the  Hanus  and  Wijs 
methods.  The  advantage  of  this  solvent  is  that  it  is  neutral  and  permits  of  an  esti- 
mation of  the  substitution  which  takes  place  in  the  reaction  between  the  oil  and  the 
lialogen.  It  was  thought  that  if  a  change  was  to  l>e  made  in  our  present  method  and 
any  information  of  added  value  could  be  obtained  by  the  use  of  a  solvent  of  this 
nature,  it  would  be  well  to  adopt  at  this  time  the  best  method  obtainable. 

Solutions  of  iodin  chlorid,  iodin  bromid,  and  bromin  in  carbon  tetrachlorid  were 
prepared,  using  the  same  strength  as  in  the  Wijs  and  Hanus  methods  and  approx- 
imately N/3  bromin  as  directed  by  Mcllhiney.  A  solution  in  carbon  tetrachlorid  of 
linseed  oil  of  known  purity  was  prepared  and  used  in  most  of  the  experiments. 
The  actual  amount  of  oil  use<l  in  each  tent  was  affected  to  a  very  slight  d^ree  by 
changes  in  temperature.  As  a  rule,  a  fresh  solution  was  made  up  for  each  set  of 
tests  and  only  very  slight  variations  were  found  in  the  iodin  numbers  obtained  by  the 
Wijs  and  Hanus  solutions  in  acetic  acid  at  any  time.  In  each  determination  0.1500 
of  a  gram  of  oil  was  used,  which  made  it  possible  to  regulate  the  excess  of  reagent 
and  other  conditions  very  exactly. 

With  these  solutions  several  questions  were  to  be  decided: 

1.  How  do  the  results  obtained  compare  with  those  given  by  other  solutions, 
especially  the  Hiibl? 

2.  How  long  a  time  is  required  to  obtain  maximum  figures? 

3.  Does  water  affect  the  amount  of  substitution? 

4.  How  does  light  affect  the  reaction  between  oil  and  the  halogen? 

5.  Does  age  of  solution  affect  the  results? 

At  this  point  it  might  be  well  to  consider  what  results  would  be  obtained  if  the 
acid  formed  in  the  Hiibl  reaction  is  estimated  as  substitution  and  the  addition 
figure  calculate<l  from  these  figures.  The  formation  of  acid  in  the  Hubl  reaction 
has  long  l>een  known  and  many  suggestions  have  been  made  as  to  ita  cause;  but  the 
reaction  has  not  as  yet  been  satisfactorily  explained,  although  it  has  been  proved 
that  it  is  not  due  to  substitution. « 

In  Table  XIV  are  collet^ted  the  results  on  a  linsee<l  oil  by  the  Hiibl  method,  the 
acid  formed  l:)eing  determined  by  addition  of  potassium  icxiate. 

Table  XIV. — Results  on  linseed  oil  by  the  Ili'ihl  method^  with  addition  of  potastiumipdcUe. 


Time  of 
reaction. 

Hiibl 
number. 

.Addition. 

Substi- 
tution. 

Hours. 

i 

161.9 

124.7 

18.6 

1 

165.0 

127.4 

18.8 

2 

170.6 

ISO.  9 

19.8 

8 

175.1 

185.5 

19.8 

5 

180.0 

146.4 

16.8 

24 

181.0 

153.2 

18.9 

The  amount  of  acid  remains  practically  the  same,  regardless  of  the  time  of  reaction, 
the  most  satisfactory  explanation  being  that  there  is  a  decomposition  of  the  addition 
product  formed  in  the  reaction  and  the  formation  of  an  acid  due  largely  to  the  pres- 
ence of  water.    The  occurrence  of  this  decomposition  can  be  easily  proved  by  adding 


« Ingle,  J.  Soc.  Chem.  Ind.,  1902,  p.  587. 
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potassium  iodate  after  titrating  the  excess  of  free  imlin  and  noting  tlie  rapid  forma- 
tion of  free  iodin  on  standing,  which  takes  place  so  quickly  that  the  determination 
of  substitution  or  acid  must  be  made  with  great  rapidity  or  very  different  results  will 
be  obtained.  These  results  are  given  as  being  suggestive  in  connection  with  those  to 
be  discussed  later.  The  bromin  solution  will  be  considered  first,  the  figures  being 
given  in  Tables  XV  and  XVI: 

Table  XV. — Todin  numbers  obtained  by  three  different  methods. 


Time. 

Wljs  method.                          Hanus  method.            .     Bromin  method  (In 

Acetic 
acid. 

Carbon  tetrachlorid.  , 

Carbon  tetrachlorid.  | 

Addi- 
tion. 

Substi- 
tution. 

Total. 

Addi- 
tion. 

Substi- 1  acid, 
tution. 

Total. 

Addi- 
tion. 

Substi- 
tution. 

Total. 

Minutes. 
1 
2 
10 
15 
30 
60 
120 

186.1 
192.6 

166.9 

164.0 

164.0 

0.0 

156.3 

166.3 

0.0 

192.8 
193.6 

192.8 
193.6 

0.0 
0.0 

187.7 

182.5 

182.5 

0.0 

192.9 
193.5 
193.4 

195.2 
198.6 

194.6 
194.2 

.80 
2.20 

191.1 
191.3 
191.0 

188.6 
189.7 

188.6 
189.7 

0.0 
0.0 

193.2 
197.0 
196.7 

198.2 
197.0 
194.2 

0.0 
0.0 
1.27 

Table  XVI.- 


-Iodin  numbers  obtained  by  varying  time  of  reaction  in  carbon  tetrachlorid 
solution. 


1  minute 

10  minutes. 

80  minutes. 

Solution. 

Total. 

Addi- 
tion. 

Substi- 
tution. 

Total. 

Addi-  1  Substl- 
tion.     tution. 

Total. 

Addi- 
tion. 

Substi- 
tution. 

156.0 
lofi.  4 

156.0 
156.3 
192.8 
164.2 

0.0 
0.0 
0.0 
0.0 

198.2 
194.0 
196.2 
188.6 

193.2 
194.0 
194.6 
188,6 

0.0 

Do • 

186.3 
193.6 
182.5 

186.3          0.0 
193.6          0.0 
182.5          0.0 

0  0 

ICI  inCCl4 ,- 

192.8 
164.2 

0.80 

IBr  In  CCI4 

0.0 

Solution. 

60  minutes. 

120  minutes. 

Total. 

Addi- 
tion. 

Substi- 
tution. 

Total. 

Addi- 
tion. 

Substi- 
tution. 

Bromin , . 

197.4 
198.2 
198.6 
189.7 

194.4 
198.0 
194.2 
189.7 

0.0 
0.0 
2.2 
0.0 

196.6 
203.8 

194.2 
202.0 

1.27 

Do 

ICllnCCU 

.93 

IBrinCCU 

1 

1 

Table  XV  gives  a  comparison  of  the  values  obtained  by  the  different  methods  on 
a  sample  of  oil  giving  a  Hiibl  number  of  180.  The  solutions  were  all  freshly  pre- 
pared and  C.  P.  carbon  tetrachlorid,  perfectly  dry,  was  used  in  making  them  up. 
The  results  obtained  show  a  very  satisfactory  agreement.  The  substitution  figures 
are  very  small  in  all  the  solutions  and  appeared  only  after  long  standing  in  the  Wijs 
and  bromin  solutions,  being  largest  with  the  Wijs.  The  maximum  addition  figure 
was  not  reached  with  any  of  the  solutions  in  less  than  one  hour,  as  is  shown  in  Table 
XVI.  The  results  with  the  bromin  solution  were  so  different  from  those  obtained 
on  the  same  oil  with  other  bromin  solutions  that  the  cause  was  sought  with  consid- 
erable interest.  The  relative  speed  of  these  solutions  is  about  the  same  as  with  acetic 
acid  as  the  solvent,  as  might  be  expected.  The  Wijs  reagent  is  by  far  the  most 
active,  as  shown  in  the  other  cases. 
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First  a  little  water  was  addeci  to  the  solution  of  oil  in  carbon  t«trachlorid;  then 
the  fresh  bromin  solution  was  added  and  allowed  to  stand  in  the  light  for  1  hour 
and  no  substitutioti  ^was  shown,  but  when  the  water  was  added  to  the  oil  solution 
in  carbon  tetrachlorid  and  thoroughly  shaken  so  that  the  water  was  taken  up  by  the 
carbon  tetrachlorid,  the  following  results  were  obtained,  the  other  conditions  being 
the  same: 

^  Table  XVII. — Bromin  absorption  with  solution  of  oil  in  1  hour. 


Oil  Bolatlon. 


Wet. 


Do. 


Dry. 


Do. 


Total.     Addition,  ^^^ton!"'  Condition. 


217.6 

166.0 

.  197.4 

166.7 


163.9 
166.0 
197.4 
166.7 


26.87     Light. 
0.0    Dark. 


0.0 
0.0 


light. 
Dark. 


These  figures  show  conclusively  that  with  the  bromin  solution  moisture  and  light 
affect  most  remarkably  the  reaction  between  the  oil  and  the  bromin.  The  fact  that 
a  little  water  added  to  the  solution  did  not  affect  the  results  can  be  explained  on  the 
ground  that  no  mixture  of  the  water  with  the  carbon  tetrachlorid  solution  of  the  oil 
had  taken  place.  When  the  water  was  mixed  with  the  solution  and  the  flask  was 
in  the  light  a  substitution  of  26.87  was  obtained,  but  when  the  flask  was  set  in  the 
dark  there  was  no  substitution.  The  addition  figures  in  both  cases  are  practically 
the  same,  but  do  not  agree  with  the  addition  figures  obtained  on  the  dry  oil  in  the 
Ught. 

This  brings  us  to  the  conclusion  that  the  bromin  solution  does  not  substitute  in  the 
light  in  the  absence  of  moisture,  or  at  least  only  very  slightly;  that  it  does  not  substi- 
tute in  the  dark  even  in  presence  of  moisture,  and  also  does  not  add  to  the  same 
extent  as  it  does  in  the  light;  that  the  bromin  solution  in  the  light  and  in  the  presence 
of  moisture  and  oil  forms  hydrobromic  acid,  the  amount  formed  being  dependent 
almost  entirely  on  the  time  of  contact  between  the  oil  and  the  bromin.  The  blanks 
of  the  solutions  showed  no  formation  of  acid  at  all.  As  the  solutions  of  bromin 
previously  used  had  always  given  considerable  substitution,  fresh  solutions  of  bromin, 
iodin  chlorid,  and  iodin  bromid  in  carbon  tetrachlorid  were  placed  in  glass-stoppered 
flasks  and  used  from  day  to  day  to  see  what  effect  the  age  of  the  solution  had  on  the 
amount  of  substitution.    The  results  are  shown  in  Table  XVIII. 

Table  XVIII. — Effect  of  age  of  solution  on  iodin  numbers  and  amount  of  substUuHon, 

IN  LIGHT  ONE  HOUR. 


Age  of 

solution. 

Bromin. 

Iodin  chlorid  in  carbon  tetra- 
chlorid. 

Iodin  bromid  in   carbon 
tetrachlorid. 

Total. 

Addition. 

Substi- 
tution. 

Total. 

Addition. 

Substitu- 
tion. 

Total. 

Addition. 

Substi- 
tution. 

Dayg. 
Fresh. 
2 
4 
6 
9 
10 
13 

197.0 

197.0 

0.0 

198.4 
199.2 
197.9 
200.4 

194.2 
194.4 
198.2 
198.7 

2.20 

2.40 

2.83 

.86 

189.7 
190.0 
190.3 
192.8 

189.7 
190.0 
190.3 
192.8 

0.0 
0.0 

195.7 
200.6 
196.2 

191.2 
189.9 
194.5 

2.32 

5.41 

.86 

0.0 
0.0 

200.6 

193.8 

8.44 

190.0 

188.1 

.86 

219.1 

162.9 

28.16 

IN  DARK  ONE  HOUR. 

18 
10 

166.7 

166.7 

0.0 

200.4 

194.1 

3.18 

191.1 

189.1 

.94 
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Table  XVIII  shows  how  much  variation  there  is  in  the  results  by  the  bromin 
solution  when  the  same  solution  has  been  used.  The  only  varying  factors  are  the 
amount  of  light  due  to  weather  conditions  and  the  amount  of  moisture  which  may 
be  absorbed  by  the  carbon  tetrachlorid  solution  of  bromin.  The  absorption  of 
moisture  seems  to  be  the  only  explanation  of  the  great  change  which  takes  place  on 
standing.  The  titer  of  the  bromin  solution  remains  practically  constant,  showing 
only  a  very  slight  change.  That  the  amount  of  light  may  affect  the  results  by  the 
bromin  solution  to  great  extent  was  shown  by  the  following  experiments: 

The  bromin  solution  in  contact  with  the  oil  was  exposed  to  direct  sunlight  for  two 
minutes  and  a  duplicate  was  kept  in  the  dark  two  minutes.  The  total  absorption 
in  the  first  case  was  204.7,  addition  166.1,  substitution  19.30;  in  the  second  case  the 
total  was  179.7,  addition  165.2,  substitution  7.29.  On  the  Wijs  and  Hanus  solu- 
tions age  has  very  little  effect,  and  it  makes  no  difference  whether  the  reaction  takes 
place  in  the  dark  or  light  as  to  the  amount  of  substitution  or  addition  when  only 
thirty  minutes  are  allowed  for  the  reaction;  if  five  hours  are  allowed,  as  shown  in 
Table  XI,  light  greatly  increases  substitution. 

These  results  would  indicate  that  in  the  light  with  a  dry  solution  bromin  will 
give  the  same  addition  numbers  as  the  Wijs  and  Hanus  solutions,  but  in  the  dark  it 
does  not  give  addition  values  which  have  any  relation  to  those  given  in  the  light. 
The  presence  of  moisture  and  light  gives  results  of  no  value  at  all.  If  the  determi- 
nations are  made  with  dry  reagents  in  the  dark  comparative  results  can  be  obtained, 
but  these  results  can  not  be  compared  with  figures  given  by  any  other  methods. 
From  this  work  it  is  concluded  that  the  bromin  solution  is  exceedingly  unreliable, 
being  affected  by  conditions  hard  to  control,  that  the  solutions  of  iodin  chlorid  and 
iodin  bromid  in  carbon  tetrachlorid  are  much  less  affected  by  these  ponditions 
and  give  much  more  satisfactory  results  which  are  comparable  with  those  obtained 
by  the  same  reagents  in  acetic  atdd,  but  that  these  solutions  are  affected  to  a  greater 
or  less  degree  by  the  presence  of  moisture  and  for  ordinary  work  would  not  be 
satisfactory  substitutes  for  the  Hiibl  method.  The  following  results  on  moist  solu- 
tions of  oil  show  that  the  iodin  chlorid  and  iodin  bromid  solutions  are  not  affected 
by  the  presence  of  light  or  moisture  in  thirty  minutes. 

Tablb  XIX. — Eff'ect  of  light  and  moigture  on  iodin  numbers  ivith  iodin  chlorid  and  iodin 

bromid  solutions. 


Solution. 


Total.     Addition.  S"b«tUu- 


Conditions. 


ICl  in  CCI4 
Do.... 

IBr  In  CCI4 
Do.... 


aoo.9 

200.9 
191.2 
191.2 


192.4 
192.4 
187.7 
187.7 


4.25 
4.25 
1.76 
1.76 


In  light  80  minutes. 
In  dark  80  minutes. 
In  light  30  minutes. 
In  dark  80  minutes. 


The  chief  use  of  any  solution  of  this  kind  is  in  the  detection  of  such  substances  as 
rosin  oil  and  similar  product*«,  as  the  reaction  between  the  oil  and  halogen  is  chiefly 
by  substitution,  and  a  solution  which  gives  varied  results  would  be  unsatisfactory. 
The  following  results  on  rosin  oil  show  that  the  Wijs  reagent  in  carbon  tetrachlorid 
is  as  active  as  the  bromin,  and  on  account  of  its  other  advantages  would  be  a  much 
more  satisfactory  solution  to  be  used  for  this  determination. 


Table  3 

ex. — Iodin  7ium 

bers  of  rosin  oil  in  SO  minutes 

Solution. 

Total. 

AddlUon. 

Substlta- 
tion. 

ICllnCCl4 

267.0 
190.8 
257.0 

5.46 

24.50 

6.46 

125.7 

IBr  in  CCI4 

83.8 

Bp 

125.7 
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The  iodin  bromid  reacts  very  fIowIv  and  gives  quite  different  results  from  the 
other  solution,  while  iodin  chlorid  and  bromin  give  the  same  results,  so  that  the 
iodin  chlorid  would  be  the  most  satisfactory  solution  for  this  work.  But  it  does  not 
appear  that  any  of  these  solutions  can  be  satisfactorily  substituted  for  the  WijS| 
Hanus,  or  Hubl  in  the  onlinary  work,  as  they  give  results  not  tromparing  well  with 
present  data,  require  many  special  precautions,  and  vary  in  their  reaction  with  age. 

Carbon  tetrachlorid,  which  had  been  recovered  by  distilling  and  drying  with 
calcium  chlorid  and  then  redistilling,  acted  much  the  same  as  carbon  tetrachlorid, 
which  had  been  shaken  up  with  water,  giving  large  substitution  values.  We  were 
not  able  to  prepare  a  recovered  product  so  that  it  would  give  the  results  obtained 
with  Kahlbaum's  C.  P.  dry  carbon  tetrachlorid. 

To  illustrate  the  widely  different  results  that  may  be  obtained  by  use  of  carbon 
tetrachlorid  as  a  solvent  in  the  Wijs  and  Ilanus  solutions  under  the  ordinary  condi- 
tions, several  results  have  been  taken  from  the  lai^ge  number  of  determinations  made 
in  the  course  of  this  work.  In  Table  XXI  are  the  results  on  an  olive  oil  with  a 
Hubl  number  of  84.6. 

Table  XXI. — Iodin  numbers  cm  an  olire  oil  wUh  iodin  chlorid  in  carbon  tetrachiorid. 


Time. 


Total.     Addition.  I 


MiniUes. 

5 

86.1 

10 

87.3 

15 

87.7 

30 

89.1 

Hours. 

1 

90.8 

2 

W.6 

Substi- 
tution. 


The  solution  used  had  stood  for  a  few  weeks.  A  fresh  solution  made  up  with  the 
same  carbon  tetrachlorid  showed  no  su})Htitution  with  linseed  oil  until  it  had  stood 
for  1  hour  and  then  ver>'  much  less  than  the  amount  shown  in  the  table  with  the 
olive  oil.  The  addition  figures,  however,  remained  the  same  and  agreed  closely  with 
the  Hubl  number.  The  iodin  bromid  solution  in  carbon  tetrachlorid  showed  no  sub- 
stitution with  olive  oils  an<l  the  amount  of  substitution  with  the  iodin  chlorid  solu- 
tion was  very  uniform  for  all  the  oils.  The  iodin  bromid  in  carbon  tetrachlorid 
gave  higher  results  than  when  acetic  acid  was  the  solvent,  although  there  was  no 
substitution,  while  the  addition  figures  with  iodin  chlorid  in  carbon  tetrachlorid  were 
lower  than  the  figures  obtained  with  acetic  acid. 

In  Table  XXII  are  collected  the  results  obtained  on  a  number  of  olive  oils. 

Table  XXII, — Iodin  numbers  of  olire  oils  by  different  methods. 


Labora- 
tory. 
No. 

Hiibl 
No. 

Wij8 

No. 

Hanufl 
No. 

Iodin  chlorid  in  carbon  tetra- 
chlorid. 

Iodin  bro- 
mid in 
carbon 

tetrachlo- 
rid. 

Total. 

Addition. 

Substitu- 
tion. 

1 

83.7 

85.0 

83.8 

88.1 

83.4 

2.36 

84.8 

3 

79.9 

81.3 

79.1 

84.8 

79.5 

2.67 

80.8 

1 

86.1 

86.6 

85.6 

90.3 

86.1 

2.06 

86.9 

5 

83.2 

84.4 

83.0 

88.0 

83.0 

2.50 

84.3 

6 

84.6 

85.4 

84.6 

90.2 

85.0 

2.60 

85.7 

7 
10 

90.  r, 

WJ.l 

91.5 

87.8 

89.8 
86.7 

94.5 
90.9 

90.2 
85.3 

2.17 

2.82 
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After  reviewing  all  the  work  done  the  associate  referee  offers  the  following 
conclusions: 

(1)  That  much  l)etter  results  are  obtained  by  the  Wijs  and  Hanus  solutions  than 
by  the  Hubl. 

(2)  That  the  Hanus  gives  results  much  more  closely  agreeing  with  the  existing 
data  and  is  easier  to  prepare,  but  an  exces  of  60  to  70  per  cent  is  necessary  to  obtain 
quick  action. 

(3)  That  the  Wijs  solution  is  more  rapid  in  its  action,  and  an  excess  of  35  per  cent 
is  sufficient,  effecting  a  large  saving  in  reagents  and  time  of  titrating,  but  it  gives 
higher  results. 

(4)  That  30  minutes  is  sufficient  time  for  the  action  of  either  the  Hanus  or  Wijg 
solution. 

(5)  That  acetic  acid  is  a  better  solvent  for  the  work  than  carbon  tetrachlorid. 

(6)  That  the  bromin  solution  or  iodin  chlorid  or  iodin  bromid  in  carbon  tetra- 
chlorid are  not  satisfactory  for  ordinary  work. 

(7)  That  iodin  chlorid  in  carbon  tetrachlorid  is  the  most  satisfactory  solution  if 
determination  of  substitution  is  to  be  made. 

(8)  That  both  the  iodin  chlorid  and  iodin  bromid  being  much  less  volatile  than 
the  bromin,  there  is  much  less  danger  of  loss  in  that  way  with  the  former  reagents. 

Recomm  end  ations. 

The  associate  referee  offers  the  following  recommendations: 

That  the  Hiibl  method  as  given  on  page  50  of  Bulletin  46,  Official  Methods  of 
Analysis,  and  on  page  24  of  Bulletin  65,  Pronsional  Methods  of  Analysis  of  Foods, 
be  dropped,  and  that  the  following  method  be  substituted,  to  be  called  the  Hanus 
uu'thod  for  the  iodin  absorption  of  oils  and  fats. 

(A)  Preparation  of  reagents, 

(1)  Iodin  ftoltUion. — (a)  Dissolve  13.2  grams  iodin  in  1,000  cc  glacial  acetic  99.5 
per  cent  acid  (showing  no  reduction  with  bichromate  and  112804);  add  enou|?h  bro- 
min to  double  the  halogen  content  determined  bv  titration — 3  cc  of  bromin  is  about 
the  proper  amount.  The  io<lin  may  Ix*  dissolved  by  the  aid  of  heat,  but  the  solu- 
tion should  bo  cold  when  bromin  is  added. 

(2)  Dennomial  sodium  thiosidphaie  solution. — Dissolve  24.8  grams  of  (^heinicAllv  pure 
sodium  thiosulphate,  freshly  pulverized  as  finely  as  possible  and  dried  l)etween  filter  or 
blotting  paper  and  dilute  with  water  to  1  liter  at  the  temperature  at  which  the 
titrations  are  to  be  made. 

(3)  Starch  paste.— One  gram  of  starch  is  boiled  in  200  cc  of  distille<i  water  for  10 
minutes  and  cooled  to  room  temperature. 

(4)  Soltition  of  poiasftium  iodid. — One  hundred  and  fifty  grams  of  potassium  iodid 
are  dissolved  in  water  and  made  up  to  1  liter. 

(5)  Derinormal  potassium  bichrojnate.—DiimoWe  4.9066  grams  of  chemically  pure 
pota.vsiu!n  bichromate  in  distilled  water,  and  make  the  volume  up  to  1  liter  at  the 
temperature  at  which  the  titrations  are  to  be  made.  The  bichromate  solution  should 
be  cnecked  against  pure  iron. 

(B)  Determination, 

(1)  Standardizing  the  sodium  thiosulphate  solution.^Fl&ce  20  cc  of  the  potassium 
bichromate  solution,  to  which  has  l)een  added  10  cc  of  the  solution  of  potassium  iodid, 
in  a  glass-stoppered  flask.  Add  to  this  5  cc  of  strong  hydroi^hloric  acid.  Allow  the 
solution  of  so<lium  thiosulphate  to  flow  slowly  into  the  nask  until  the  yellow  color  of 
the  liquid  has  almost  disappeared.  Add  a  few  drops  of  the  starch  paste,  and  with 
constant  shaking  continue  to  add  the  nodiuin  thiosulphate  solution  until  the  blue  color 
just  disappears. 

(2)  Weighing  the  sample. — Weigh  al)out  one-half  gram  of  fat  or  0.250  gram  of  oil « 
on  a  small  watch  crystal  or  by  «)ther  suitable  means.    The  fat  is  first  melted,  mixed 

«  With  drying  oils  which  have  a  very  high  absorbent  i)ower,  0.100  to  0.200  gram 
should  be  taken. 
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thoroughly,  poured  onto  the  crystal,  and  allowed  to  cool.    Introduce  the  watch  crystal 
into  a  wide-mouth  16-ounce  bottle  with  ground-glass  stopper. 

(3)  Absorption  ofiodin, — The  fat  or  oil  in  the  bottle  is  dissolved  in  10  cc  of  chloro- 
form. After  complete  solution  has  taken  place,  25  cc  of  the  iodin  solution  are  added. 
Allow  to  stand,  with  ocoapional  shaking,  tor  30  minutes.  The  excess  of  iodin  should 
be  at  least  60  per  cent  of  the  amount  added. 

(4)  TitrcUion  of  the  nnabsorhed  iodin. — Add  10  cc  of  the  potassium  iodid  solution 
and  shake  thoroughly,  then  add  100  cc  of  distilled  water  to  tne  contents  of  the  bottle. 
Titrate  the  excess  of  iodin  with  the  sodium  thiosulphate  solution,  which  is  adde<l 
gradually,  with  constant  shaking,  Until  the  yellow  color  of  the  solution  has  almot  t 
disappeared.  Add  a  few  drops  of  starch  paste,  and  continue  the  titration  until  tlv 
blue  color  has  entirely  disappeared.  Toward  the  end  of  the  reaction  stopper  the 
bottle  and  shake  violently,  ho  that  any  iodin  remaining  in  solution  in  the  chloroform 
may  be  taken  up  by  the  potassium  iodid  solution. 

(5)  Setting  Ui^  value  of  iodin  solxdion  by  thiosulphate  soltUion. — ^At  the  time  of  adding 
the  iodin  solution  to  the  fat,  two  bottles  of  the  same  size  as  those  used  for  the  deter- 
mination should  be  employed  for  conducting  the  operation  described  above,  but  with- 
out the  presence  of  any  fat.  In  every  other  resi)ect  the  performance  of  the  blank 
experiments  should  be  just  as  described.  These  blank  experiments  must  be  made 
each  time  the  iodin  solution  is  used.  Great  care  must  be  taken  that  the  temperature 
of  the  solution  does  not  change  during  the  time  of  the  operation,  as  acetic  acid  has 
a  very  high  coefficient  of  expansion,  and  a  slight  change  of  temperature  makes  an 
appreciable  difference  in  the  strength  of  the  solution.  Example  blank  determina- 
tions: (1 )  Forty  cc  iodin  solution  required  62.05  cc  of  sodium  thiosulphate  solution. 
(2)  Forty  cc  iodin  solution  required  62.15  cc  of  sodium  thiosulphate  solution.  Mean, 
62.1  cc. 

Per  cent  of  iodin  absorbed: 

Weight  of  fat  taken grams.  -  1. 0479 

Quantity  of  iodin  solution  used cubic  centimeters. .  40. 0 

Thiosulphate  equivalent  to  iodin  used do 62. 1 

Thiosulphate  equivalent  to  remaining  iodin do 30. 2 

Thiosulphate  equivalent  to  iodin  absorbed do 31. 9 

Per  cent  of  iodin  absorbed  (31.9X0.012X100-^^1.0479)  39.61 

The  following  precautions  should  be  exercised  in  the  use  of  this  solution: 

1.  Great  care  must  he  used  to  prevent  change  of  temperature  of  the  solution,  and 
where  any  number  of  determinations  are  to  \ye  made  blanks  should  be  measured 
out  at  short  intervals.  This  precaution  applies  as  well  to  the  use  of  the  Hubl 
solution,  as  the  coefficient  of  the  expansion  of  alcohol  is  large. 

2.  When  the  potassium  iodid  is  added  the  solution  should  be  thoroughly  mixed 
before  the  addition  of  water. 

3.  The  acetic  acid  must  be  full  strength  and  pure  in  order  to  obtain  a  solution 
which  will  keep  well. 

The  associate  referee  also  recommends  that  the  factor  given  on  page  49  of  Bulletin 
No.  46,  Official  Methods,  for  correction  for  temperature  with  the  refractometer,  be 
changed  from  0.000176  to  0.000365  to  conform  to  the  correction  in  Bulletin  65, 
Provisional  Methods,  page  22;  that  under  the  method  on  page  32  of  Provisional 
Methods,  section  16,  in  the  Halphen  test  for  cotton-seed  oil,  the  brine  bath  shall  boil 
at  from  112®  C.  to  115®  C,  and  that  in  making  the  test  for  a)tton-seed  oil  the  boil- 
ing shall  be  contined  for  from  1  to  2  hours,  the  reason  for  this  being  that  heated 
cotton-seed  oil  gives  the  Halphen  test  only  after  long  heating,  heating  from  15  to  30 
minutes  giving  practically  no  reaction. 

For  Renard's  test«  for  peanut  oil,  as  modified  by  Tolman,  page  33,  paragraph  18, 
Bulletin  No.  65,  Provisional  Methods,  the  following  modified  method  is  recom- 
mended: 

Weigh  20  grams  of  oil  into  an  Erlenmeyer  flask.  Saponify  with  alcoholic  potash, 
neutralize  exactly  with  dilute  acetic  acid,  using  phenol phthalein  as  indicator,  and 
wash  into  a  500-cc  flask  containing  a  boiling  mixture  of  100  cc  of  water  and  120  cc 
of  a  20  per  cent  lead  acetate  solution.     Boil  for  a  minute,  and  then  cool  the  precipi- 

oRenard,  Comp.  rend.,  1871,  78:  1330.  Benedikt  and  Lewkowitwh,  Oils,  Fats, 
and  Waxes,  p.  365. 
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tated  soap  by  immereine  the  flask  in  water,  occasionally  giving  it  a  whirling  motion 
to  cause  the  soap  to  sUck  to  the  sides  of  the  flask.  After  the  flask  has  cooled,  the 
water  and  excess  of  lead  can  be  poured  off  and  the  soap  washed  with  cold  water  and 
with  90  per  cent  (by  volume)  alcohol.  Now  add  200  cc  of  ether,  cork  the  flask, 
and  allow  to  stand  for  some  time  until  the  soap  is  disintegrated,  then  heat  on  the 
water  bath,  using  a  reflux  condenser,  and  l)oii  for  about  5  minutes. «  In  the  oils 
most  of  the  soap  will  be  dissolved,  while  in  lards,  which  contain  is  so  much  stearin, 
part  will  be  left  undissolved.  Cool  the  ether  sohition  of  soap  down  to  from  15**  to 
17°  C,  and  let  stand  until  all  the  insoluble  soaps  have  crystallized  out — ^about  twelve 
hours  are  required. 

Filter  and  thoroughly  wash  the  precipitate  with  ether.  Save  the  filtrate  for  the 
determination  of  the  iddin  number  of  the  liquid  fatty  acids  bv  the  Muter  method. 
The  soaps  on  the  filter  are  washed  back  into  the  flask  by  means  of  a  stream  of  hot  water 
acidifiea  with  hydrochloric  acid.  Add  an  excess  of  dilute  hydrochloric  acid,  partially 
fill  the  flask  with  hot  water,  and  heat  until  fatty  acids  form  a  clear,  oily  layer.  Fill 
the  flask  with  hot  water,  allow  the  fatty  acids  to  harden  and  separate  from  the  pre- 
cipitated lead  chlorid;  wash,  drain,  repeat  washing  with  hot  water,  and  dissolve  the 
fatty  acids  in  100  cc  of  boiling  90  per  cent  (by  volume)  alcohol.  CkK)l  down  to  15°  C, 
shaking  thoroughly  to  aid  crystallization.  From  5  to  10  per  cent  of  peanut  oil  can  be 
detected  by  this  method,  as  it  effects  a  complete  separation  of  the  soluble  acids  from 
the  insoluole,  which  interfere  with  the  crystallization  of  the  arachidic  acid.  Filter, 
wash  the  precipitate  twice  with  10  cc  of  90  per  cent  (by  volume)  alcohol,  and  then 
with  alcohol  of^70  per  cent  (by  volume).  Dissolve  off  the  filter  with  boiling  absolute 
alcohol,  evaporate  to  dryness  in  a  weighed  dish,  dry  and  weigh.  Add  to  this  weight 
0.0025  gram  for  each  10  cc  of  90  per  cent  alcohol  used  in  the  crystallization  and 
washing  if  done  at  15°  C;  if  done  at  20°,  0.0045  gram  for  ea^ch  10  cc.  The  melting 
point  oiarachidic  acid  obtained  in  this  way  is  between  71°  and  72°  C.  Twenty  times 
the  weight  of  arachidic  acid  will  give  the  approximate  amount  of  peanut  oil  present. 
No  examination  for  adulterants  in  olive  oil  is  complete  without  making  the  test  for 
peanut  oil. 

The  associate  referee  wishes  to  acknowledge  the  assistance  received  from  A.  F. 
Seeker,  of  the  laboratory  of  the  Bureau  of  Chemistry,  who  practically  repeated  all 
of  the  work  in  checking  up  the  results  obtained,  although  in  the  bromin  work  it  was 
found  almost  impossible  to  duplicate  any  set  of  results. 

In  continuation  of  the  report  on  fats  and  oils  the  following  paper 
was  submitted  by  the  associate  referee: 

KEPOET  or  OOOPEKATIVE  WORK  OH  THE  DALIOAN  TITEB  TEST. 
By  L.  M.  ToLMAN,  Associate  Referee  on  fats  and  oils. 

Work  on  this  test  was  begun  at  a  very  late  date,  and  this  report  can  be  considered 
only  as  as  a  preliminary  one  presented  with  the  idea  that  by  the  next  meeting  of 
the  association  some  definite  and  satisfactory  methoil  may  be  offered. 

The  various  modifications  of  the  test  in  use  do  not  give  a  satisfactory  agreement, 
and  several  of  the  lai^gest  concerns  in  this  country  using  it  expressed  a  desire  that 
an  effort  should  be  made  by  the  Association  of  Official  Agricultural  Chemists  to 
cooperate  with  them,  as  we  have  with  the  tannin  industry,  and  prepare  uniform 
methoils  of  analysis  so  that  results  obtained  by  different  analysts  shall  agree.  In 
tests  of  this  kind,  which  are  to  a  certain  degree  empirical,  uniformity  of  methods, 
even  as  to  details,  is  absolutely  essential. 

The  first  step  was  to  send  samples  of  fats  to  the  various  men  interested,  requesting 
them  to  report  their  results  and  to  give  in  detail  their  methods.  Results  were 
received  from  19  chemists  representing  the  following  firms  in  which  the  test  is  in  con- 
stant use:  American  Cotton  Oil  Company,  Southern  Cotton  Oil  Company,  Armour  & 
Co.,  Nelson  Morris  &  Co.,  James  Kirk  <fe  Co. ,  Colgate  &  Co.,  Procter  &  Gamble,  Rtillwell 

« Process  used  by  N.  J.  I^ne  in  his  mo<lification  of  Muter's  method.  J.  Am. 
Chem.  Soc.,  1893,  15:  110. 

23119— No.  81—04 5 

■  Digitized  by  VjOOQIC 


66 

&  Glatlding,  W.  J.  Wilcox  I^ard  and  Refining  Company,  Central  lArd  Company,  and 
Swift  &  Co.     Results  were  also  received  from  Prof.  A.  H.  Gill,  of  the  Massachusetts 
Institute  of  Technology,  and  G.  E.  Dyck,  of  the  National  Provisioner  Laboratory. 
The  following  directions  for  reporting  results  were  sent  with  the  samples  of  fat: 

State  the  detail  of  the  method  used,  also  size  and  thickness  of  test  tube  used,  and 
caMcity  of  bottle. 

Give  the  saponification  value  of  the  fatty  acids. 

Give  the  temperature  of  the  room  at  time  of  test. 

If  possible  have  thermometer  used  checked  against  a  standard,  also  state  kinii 
and  dimensions  of  thermometer  used,  size  of  bulb  especially. 

If  possible  be  present  at  the  meeting  of  the  Association  of  Official  Agricultural 
Chemists,  Novemoer  19,  1903,  in  order  that  there  may  be  a  thorough  discussion  of 
the  results,  and  a  satisfactory  metho<l  outlined  for  next  year. 

Very  complete  reports  were  sent  in  by  practically  all  of  the  analysts  and  a  large 
amount  of  valuable  data  was  thus  obtained.  It  was  found  from  these  reports  that 
there  are  a  number  of  methods  of  procedure  in  use  in  this  country.  These  can  be 
brought  under  three  heads:  (1)  Modifications  of  Dalican^s  method;  (2)  modifications 
of  VVolfbauer's  method;  (3)  modifications  of  Finkener's  method.  As  it  has  long 
been  known  that  these  different  methods  give  varying  results  it  was  not  expected 
that  the  figures  obtained  would  agree  closely. 

The  following  modification  of  Dal  lean's  test,  used  by  James  Boyce,  of  the  American 
Cotton  Oil  Company,  and  David  Wesson,  of  the  Southern  Cotton  Oil  Company,  was 
practically  the  same  as  that  employed  by  10  of  the  chemists: 

APPARATUS. 

A  round  iron  or  metallic  dish,  1.5  liters  capacity. 

A  porcelain  dish,  2  liters  capacity. 

Test  tube,  22  mm  to  25  mm  diameter,  15  cm  long,  the  walls  of  the  tube  to  be  1.5 
mm  thick. 

One  bottle,  7.5  cm.  diameter,  15  cm.  deep,  to  have  wide  mouth,  with  cork  of  suffi- 
cient size  to  hold  test  tube.     Bottle  to  be  of  clear  glass,  with  thick  wall. 

A  delicate  certified  thermometer,  reading  in  ^  degrees,  graduated  from  0°  to  70°  C. 
Bulb  of  thermometer  to  be  not  more  than  6  mm.  in  diameter  and  3.4  cm.  long. 

An  accurate  thermometer  to  hang  alongside  of  the  apparatus  to  record  the  temper- 
ature of  the  "room  in  which  test  is  made. 

OPERATION. 

Weigh  50  grams  of  the  fat  into  a  metal  dish.  Measure  40  cc  of  caustic  soda,  36° 
Beaume,  and  50  cc  of  95  per  cent  alcx>hol  into  the  small  bottle.  Heat  the  fat  over  a 
gentle  flame  to  115°  to  120°  C.  Shake  the  alcohol  and  soda  solution  well  toother 
and  add  to  the  fat.  Stir  vijjorously  over  a  gentle  fire  until  soap  l^ecomeH  sufficiently 
dry  to  form  pieces  which  will  no  longer  adhere  to  the  spatula  by  gentle  pressure. 

Redissolve  in  20  cc  of  alcohol  and  again  dry  to  a  condition  in  which  the  soap  will 
not  adhere  to  the  spatula  by  pressure. 

Transfer  the  dry  soap  to  the  porcelain  dish.  Add  one  or  two  liters  of  boiling  water 
and  keep  the  mixture  boiling  for  40  minutes.  Replace,  by  adding  cold  water,  about 
the  same  quantity  of  water  which  has  been  evaporated  by  the  previous  boiling. 
Add  to  the  soap  solution  70  cc  of  25°  B4.  sulphunc  acid.  Boil  again  until  the  fatty 
acids,  which  will  float  on  top,  are  perfectly  clear  and  transparent  and  show  no  signs 
of  any  particle  of  soap  which  has  not  dissolved.  Siphon  off  the  acid  water  and 
transfer  the  fatty  acids  to  a  small  l^eaker,  melt  the  acids  and  allow  the  water  to  settle; 
transfer  to  a  dry  beaker,  dry  in  a  water  bath  or  on  a  steam  bath  for  20  minutes  and 
filter  the  fatty  acids  through  white  filter  i)aper,  using  a  hot- water  funnel. 

Place  the  clear  fatty  acids  in  the  titer  tube,  filling  it  two-thirds  full,  the  tube  being 
first  w^armed  in  the  water  bath.  Insert  the  tube  in  the  perforated  cork  of  the  large 
bottle,  to  serve  as  an  air  bath,  and  hang  the  delicate  thermometer  so  that  the  bulb 
will  be  exac^tlv  in  the  middle,  in  all  directions,  of  the  mass,  and  allow  the  fatty  acids 
to  cool  until  the  mercury  str)ps  falling  and  just  begins  to  rise  again.  Then  move  the 
thermometer  rapidly  around  the  sides  of  the  tube,  three  times  to  the  right  and  three 
times  to  the  left,  without  any  up  or  down  motion,  finally  replacing  the  thermometer 
in  the  center  of  the  tube. 
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Watch  the  thermometer  sa  the  mercury  rises  and  take  the  highest  point  reached 
as  the  titer  test,  at  the  same  time  recordmg  the  temperature  of  the  room  in  which 
the  test  was  made. 

The  results  on  the  three  samples  of  fat  obtained  by  this  method  are  collected  in 
Table  I. 

Table  I. — Results  obtained  by  modijicaiimis  of  Dalican  test. 


Analyst. 


Sent  by  James  Boyce,  Ameri- 
can CottonOil  Co., Chicago: 

J.B 

C.C.B , 

C.B.C.  ...'. 

J.  H.S 

A.D.  W 

Sent  by  David  Wesson, South- 
ern Cotton  Oil  Co.: 

R.E.H 

D.W 

W.J.B 

L.  U.  Tolman,  U.  S.  D.  A 

A.  F.  Seeker,  U.  8.  D.  A 

E.  G.  Halloway,  James  Kirk 

&Co. 
R.  D.  OUar,  Wilcox  Lard  Co  . 
£.  K.  Nelson,  Nelson  Morris 

&Co. 
Theo. Smith, Central  Lard  Co. 
A.  H.  Gill,  Massachusetts  In- 
stitute Technology. 
Stlllwell  <&  Gladding 


Titer. 


Sample  I  Sample 
No.  1.   '   No.  2. 


I 


49.6 

49.9 

49.35 

49.40 

49.5 


49.6 

49.6 

49.7 

49.8 

49.55 

49.60 


40.15 

40.3 

40.4 

40.15 

40.40 


40.8 
40.4 
40.5 
40.8 
40.3 
40.0 


49.58  I      40.85 
49.85        89.95 


49.45 


I      49.50 
I      49.9 


W.  D.Richardson,  Swift  &  Co.  49.7 

Maximum 49.9 

Minimum '  49.8 

Average ]  49.5 

Diflference   between  .6 

maximum  and  mini-  | 

mum. 


40.20 
89.8 


40.7 


40.7 


Sample 
No,  3. 


Test  tube. 


Diam.  Length. 


I 


Of. 

36.30 

36.2 

36.33 

36.43 

36.2 


36.2 

35.9 

86.3 

36.0 

35.75 

35.90 

36.30 
35.9 

35.65 
37.6 


40.8 

39.8 

40.2 

1.0 


36.6 


cm. 
2.2 
2.2 
2.2 
2.2 
2.2 


2.5 
2,5  I 
2.5  I 
2.2  I 

2.2  j 
1.7  i 


2.5 
3.0 


2.6 
1.2 


37.6 
35.05 
86.1 
1.95 


Bulb  of  ther- 
mometer. 


Diam.  Length. 


cin. 

0.6 
.6 
.6 
.6 
.6 


.5 
.5 
.1 

.6 
.6 


.35 


ctn. 
3.5 
3.5 
3.5 
3.5 
3.5 


2.0 
2.0 

3.8 

2.3 
4.5 

3.0 
1.7 


.8    I 


1.5 


Method  of 
stirring. 


3  times  to 
right 
and  3 
times  to 
left. 


Do. 


Do. 
Do. 
Do. 

Do. 
Do. 

Do. 


6  times  to 
right 
a  n  d  6 
times  to 
left. 


The  results  in  Table  I  show  a  fair  degree  of  uniformity,  although  the  details  of 
carrying  out  the  metho<l  varied  somewhat.  But  if  the  results  of  those  using  test 
tuljes  2.2  to  2.5  cm  in  diameter  and  stirring  the  acids  three  times  to  the  right  and 
three  times  to  the  left  are  compared,  a  much  more  satisfactory  agreement  is  shown. 
Twelve  sets  of  results  come  under  this  head  and  the  comparison  is  as  follows: 

Table  II. — Residts  obtained  with  uniform  test  ivJbes  and  stirring. 


Determinations. 


Sample  I 
No.  1.    I 


Sample 
No.  2. 


Sample 
No.  3. 


Maximuui |         49.9 

Minimum 49.3 

Difference ,  .6 


40.8 
40.2  I 


36.4 
35.6 
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There  are  a  number  of  other  factors  which  influence  titer,  such  as  moisture  and 
kind  of  thermometer,  and  while  the  above  results  are  fairly  satisfactory  much  better 
ones  would  undoubtedly  be  obtained  if  uniform  methods  of  drying  tiie  fetty  acids 
were  used  and  uniform  thermometers.  Some  of  the  thermometers  used  were  very 
lonj?  and  the  correction  for  the  mercury  out  of  the  fat  would  be  considerable. 
Wolfbauer  found  that  the  method  of  saponification  did  not  influence  the  titer,  pro- 
viding the  alcohol  was  completely  removed  in  alcoholic  saponification,  but  that 
moisture  had  a  marked  influence  and  titers  0.6  lower  were  found  in  moist  than  in 
dry  fats.  He  also  found  that  the  size  of  the  test  tube  affected  the  results,  a  2i-cm 
tube  giving  result  0.2  lower  than  a  3}-cm  tube,  although  tubes  wider  than  3}  cm  did 
not  affect  the  results.  These  are  points  which  should  be  considered  in  our  future 
work. 

The  details  of  the  work  of  the  various  chemists  who  used  the  Dalican  method  will 
be  given  in  so  far  as  they  differ  from  the  method  given  above.  Mr.  Boyce  and  his 
associates,  Mr.  Wesson  and  his  associates,  Mr.  Oilar,  Mr.  Seeker,  and  the  associate 
referee  followed  this  method  in  detail.  E.  G.  Halloway,  of  James  Kirk  &  Co.,  makes 
a  slight  change.  He  begins  to  stir  three  times  to  the  right  and  three  times  to  the 
left  when  incipient  solidification  sets  in. 

E.  K.  Nelson,  of  Nelson  Morris  &  Co.,  gives  the  following  directions: 

Weigh  out  50  grams  of  fat  into  an  8-inch  porcelain  dish.  Melt  on  a  steam  bath  and 
saponilv  with  a  mixture  of  30  cc  of  40°  Be.  caustic  soda  and  50  cc.  methyl  alcohol. 

*  *  *  Boil  until  the  fatty  acids  are  perfectly  clear,  collect  them,  and  dry  them  for 
two  hours  at  100**  C.  *  *  *  Place  the  thennonjeter  bulb  as  nearly  as  possible  in 
the  center  of  the  fatty  acids  and  watch  the  mercury  column  until  it  becomes  station- 
ary. *  *  *  Then  raise  the  cork  from  the  test  tube  and  stir  the  fatty  acids  by 
moving  the  thermometer  three  times  in  one  direction  and  three  in  the  opposite  direc- 
tion around  the  wall  of  the  test  tube. 

Mr.  Nelson  also  makes  the  following  suggestion  from  his  experience: 

While  with  Swift  &  Co.  in  the  capacity  of  chief  chemist,  I  observed  a  discrepancy 
between  two  laboratories  which  was  traced  to  the  fact  that  one  chemist  used  a  quick- 
acting  thermometer,  short  stem  with  small  bulb,  while  the  other  chemist  used  a  long 
thermometer  with  a  large  bulb. 

Theo.  Smith,  of  the  Central  Lard  Company,  makes  the  following  comment: 

Any  moisture  clinging  to  the  cake  can  be  removed  with'  a  piece  of  filter  paper,  but 
on  no  account  should  tne  acids  be  dried  between  filter  papers,  as  is  done  oy  some 
analysts  who  obtain  results  a  degree  or  so  above  anyone  else.  Nor  should  the  acids 
be  dried  in  an  air  bath,  as  mixtures  containing  the  acids  of  cotton-seed  oil  and  other 
unsaturated  acids  susceptible  to  oxidation  often  give  abnormal  results  if  so  treated. 

*  *    *    A  few  drops  oi  water  in  the  acids  make  ho  difference  with  the  titer  as  they 
.  settle  to  the  bottom  of  the  tube  and  do  not  interfere  with  the  crystallization. 

Prof.  A.  H.  Gill,  of  the  Massachusetts  Institute  of  Technology,  followed  Dalican's 
method  as  given  in  Lewkowitsch.« 

Stillwell  &  Gladding  use  the  French  Syndicate  method,  which  is  a  modification  of 
Dalican's  test,  and  give  the  following  additional  modifications: 

Decant  the  clear,  fatty  acids  into  a  shallow  flat-bottom  dish,  about  4  inches  in  diam- 
eter, and  heat  for  20  minutes  in  a  water  oven  at  100°  C  This  expels  the  last  traces 
of  water,  and  is  not  prolonged  enough  to  affect  a  true  titer  test. 

In  stirring  with  the  thennonieter  at  the  point  where  the  mercury  remains  sta- 
tionary, stir  vigorously  half  a  dozen  times  from  right  to  left,  and  the  same  number 
from  left  to  ri^ht.  In  doing  this  be  careful  neither  to  raise  nor  lower  the  thermom- 
eter. The  object  of  this  is  to  avoid  mixing  with  the  fat  acids  in  the  neighborhood 
of  the  bulb  of  the  thermometer,  the  fat  acids  above  the  bulb  which  are  hotter,  or  the 
fat  acids  below  the  bulb  which  are  colder.  ^ 

The  result  of  our  work  woul<l  lead  one  to  favor  the  method  of  constant  stirring  as 
the  best  method  for  making  titer  detenninations  were  it  not  for  the  fact  that  in  the 


« Seconded.,  p.  133. 
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oleo-stearine  sample  the  constant  Btirring  method  seems  to  give  too  low  results.  This 
is  attributed  to  the  fact  that  the  ste^rine  (crystallizing  at  so  high  a  temperature)  cools 
off  so  rapidly  that  the  constant  stirring  keeps  the  whole  mass  below  the  proper 
point.  When  this  oleo  stearine  was  tested  by  the  constant-stirring  method  at  a  room 
temperature  of  100®  F.  a  reading  of  49.90®  C.  was  obtained. 

If,  however,  the  stirring  is  maintained  until  the  mercury  stops  and  just  begins  to 
rise,  and  the  thermometer  is  then  allowed  to  stand  quietly  in  the  center  of  the  tube 
the  proper  titer  point  is  obtained. 

Table  lll.^Resulis  obtained  by  StiUweU  and  Gladding.f^ 


Determination  and  method. 


Saponification  val  ue 

Titer  ( French  Syndicate  method ) 

Titer  (constant  Btirring)  <> 

Titer  (constant  stirring  till  mercury  stops  falling  and  just  begins  to 
rise,  then  stop  stirring,  and  watch  mercury  as  it  rises) 


Oleo        Edible 
stearine.     tallow. 


204 

49.90 
49.70 

49.90 


204 

40.70 
40.70 

40.90 


White 
grease. 


196 

36.70 
87.10 

87.10 


a  Temperature  of  the  room  about  70**  F. 

b  Using  same  tube  as  in  French  Syndicate  method  and  stirring  with  horizontal  circular  motion, 
without  any  up  and  down  motion. 

The  third  method  appears  to  be  the  best  one  for  determining  the  titer. 

Wilson  H.  Low,  of  the  Cudahy  Packing  Company,  waits  until  the  crystals  in  the 
tube  begin  to  surround  the  bulb  of  the  thermometer,  then  stirs.  He  makes  the 
following  comment: 

We  buy  fat  of  other  parties  who  make  the  test  in  a  larger  tube  and  with  continual 
stirring,  and  their  method  makes  the  titer  about  a  d^ree  higher  than  ours.  As  th^ 
test  is  only  an  empirical  one  it  doesn't  make  much  difference  how  it  is  made,  but  it 
IS  desirable  for  trade  purposes  that  there  should  be  some  standard,  so  that  it  can  be 
known  definitely  what  is  meant  when  a  fat  of  a  stated  titer  is  offered. 

Mr.  David  Wesson  reported  as  follows  regarding  several  different  methods  of  sapon- 
ification and  stirring: 

Experiments  were  planned  to  determine,  first,  the  effect  of  two  different  methods 
of  saponification;  second,  the  effect  of  reading  in  different  size  tubes  and  different 
size  air  baths;  tiiird,  results  obtained  by  different  methods  of  stirring.  These  three 
points  seem  to  be  the  cause  of  a  great  many  discrepancies  between  different  observ- 
ers. Owing  to  continued  warm  weather  most  all  the  observations  were  made  at 
room  temperatures  running  from  23°  to  28®  C.  The  following  methods  were  employed 
for  saponification: 

Method  No.  J  for  mponificalioti. 

Fifty  grains  fat,  40  cc  caustic  soda,  specific  gravity  1.318,  50  cc  alcohol  96  per  cent, 
heated  together  in  a  10-inch  porcelain  evaporating  dish  on  a  steam  bath.  The  fat 
did  not  reach  a  temperature  aoove  ^**  C.  The  alcohol  was  evaporated  off  and  the 
soap  run  to  dryness  as  shown  by  breaking  up  the  lumps  which  no  longer  stuck  to  the 
glass  rod. 

Method  No.  £ — IkUican^s  method. 

First  method  of  taking  setting  point. — ^Titer  as  in  Dalican's  method  and  use  a  large 
tube  25  mm  in  diameter  and  an  air  bdth  of  1,200  cc  capacity. 
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Tablk  IV. — Reffults  obtained  hy  three  ancUysln  mth  method  No.  1. 


No.  of 
sample. 


R.t 

I.N. 

Room 
tempera- 
ture. 

1). 

W. 

Room 
tempera- 
ture. 

Titer. 

Titer. 

°r. 

■     ""C. 

"C. 

°C. 

49.9 

29 

49.9 

29 

49.6 

26 

49.6 

27 

40.3 

24 

40.4 

28 

40.8 

27 

40.4 

26 

35.8 

23 

86.2 

25 

86.2 

28 

35.9 

25 

W.  H.  B. 


Titer. 


1 
«1 

2 
a  2 

3 
a3 


a  Saponified  by  Dalican's  method. 

Second  method  of  taking  setting  point. — Same  tubes  and  bath  were  used  as  in  method 
No.  1.  The  thermometer  was  stirred  slowly,  about  60  turns  per  minute,  and  con- 
tinuously until  the  mercury  ceased  dropping.  The  bulb  of  the  thermometer  was 
then  left  in  the  center  of  the  mass,  and  the  highest  point  reached  by  the  mercury 
was  noted. 

Table  V. — Results  obtained  by  two  analysts  with  method  No.  g. 


No.  of 
sample. 

D. 

W, 

W. 

H.  B. 

Titer. 

Room 
tempera- 
ture. 

Titer. 

1    Room 
tempera- 
ture. 

oc. 

°  a 

°C. 

°C. 

1 

60.2 

27 

60.3 

29 

a  I 

50.2 

27 

60.2 

1          28 

2 

41.0 

27 

41.2 

29 

a  2 

41.2 

27.6 

41.4 

•29 

3 

37.3 

25 

37.5 

29 

aZ 

37.2 

26 

86.1 

28 

('Saponified  by  Dalican'H  metho<l. 

Third  method  of  taking  setting  point,— The  readings  were  taken  in  the  same  manner 
as  in  methods  Nos.  1  and  2,  except  that  the  air  bath  had  a  capacity  of  600  co,  and 
the  titer  was  taken  in  ordinary  test  tubes  18  mm  in  diameter.  The  results  given 
below  show  the  effect  of  cooling  without  stirring,  except  at  the  end  of  the  operation, 
and  of  cooling  by  constant  ntirring. 

Table  \1.— Results  obtained  by  method  No.  3  (  W.  F.  B.). 


Titer. 

No.  of 
sample. 

(Cooled 
without 
stirring, 
except 
at  end 
of  opera- 
lion.) 

Room 
tempera- 
ture. 

I  Titer. 

II  (Cooled 
by  con- 
stant 

stirring.) 

Room 
tempera- 
ture. 

°C. 

°a 

o  C. 

°C. 

1 

49.7 

26.6 

i'        50.2 

26.8 

nl 

49.7 

27.5 

50.0 

27.4 

2 

40.2 

27.0 

4L0 

27.5 

«2 

40.4 

27.0 

41.2 

26.8 

3 

36.2 

27.6 

37.3 

27.5 

"3 

36.2 

27.0 

36.3 

27.0 

a  Saponified  by  Dalican'H  method. 
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Examination  of  the  results  seems  to  show  that  at  tlie  temperature  at  which  the 
work  was  done  the  size  of  test  tube  used  had  no  effect. 

(2^  Higher  results  were  obtained  in  most  cases  by  constant  stirring. 

(3^  It  was  noted  in  making  the  experiments  that  it  was  harder  to  get  definite 
readings  on  the  soft  fat  sample  No.  3  by  constant  stirring  than  by  allowing  the  fat  to 
cool  down  slowly  as  in  method  No.  1. 

Three  chemists  used  modifications  of  Wolfbauer's  method. 

Table  VII. — Remits  obtained  by  modijicaiioiui  of  the  Wolfbauer  teH. 


Analyst. 


Titer  of  samples  No8.-  Size  oftest  tube,    i   ^'%?er*bu^*''"" 


Length. 


M.  H.  lltner,  Colgate  <&  Co 50. 47  i  41. 43  87. 6 

J.  E.  Weber,  Procter  &  Gam- 
ble  1  60.00  1  40.60 

David  WesBon I  50.20  41.20  1         37.2 


It  will  be  seen  that  this  method  gives  higher  results  than  the  Dalican  method. 
The  details  of  the  operation  in  Armour  &  Co.'s  laboratory  are  given  by  A.  G.  Manns, 
as  follows: 

Seventy-five  grams  of  the  fat  are  placetl  in  an  iron  dish  with  lt50  cc  of  (rustic  soda 
lye  of  13  per  cent  to  14  per  cent  strength.  The  mixture  is  boiled  to  dryness  with 
constant  stirring  so  as  to  avoid  scorching.  In  practice,  a  3-pound  lard  pail  is  used 
instead  of  the  iron  dish  and  a  heavy  stirring  rod  to  break  up  the  lumps.  The  dry 
granular  soap  is  then  transferred  to  a  porcelain  dish  of  about  1,000  cc  capacitv,  in 
which  500  cc  of  water  and  250  cc  of  sulpnuric  acid  of  60  per  cent  strength  have  been 
previously  mixed.  The  whole  is  boiled  until  the  soap  is  decomposecT,  water  l)eing 
added  from  time  to  time  to  maintain  the  original  volume.  An  enameled  cover  is 
kept  on  the  dish  while  boiling.  When  the  fatty  acids  are  perfectly  transparent  they 
are  washed  several  times  with  boiling  hot  water,  allowed  to  settle,  decanted,  filtered 
through  several  thicknesses  of  dry  filter  paper,  and  dried  for  four  hours  at  105°  C. 
The  fatty  acids  when  dried  are  cooled  to  about  15°  or  20°  C.  above  the  expected  titer 
and  transferred  to  a  special  tube  1  inch  in  diameter  and  4  incrhes  in  length.  The 
tube  is  made  of  glass  aoout  ^i  of  an  inch  thick.  It  is  placed  in  a  bottle  fitted  with  a 
cork  which  is  perforated  so  as  to  hold  the  tube  rigidly  when  in  position.  The  ther- 
mometer, graduated  to  0. 1°  C,  is  suspended  so  that  it  can  be  used  as  a  stirrer,  and 
the  mass  is  stirred  slowly  until  the  mercury  remains  stationary  for  at  least  SO  seconds. 
The  thermometer  is  then  allowed  to  hang  quietly  with  the  bulb  in  the  center  of  the 
mass  and  the  rise  of  the  mercury  is  observed.  The  highest  point  to  which  it  rises  is 
taken  as  the  titer  of  the  fatty  acids. 

The  fatty  acids  should  always  be  tested  for  complete  saponification  as  follows: 

About  3  cc  of  the  fatty  acids  are  placed  in  a  test  tube  and  about  15  cc  of  strong  alco- 
hol added,  the  mixture  brought  to  a  boil,  and  an  equal  volume  of  ammonia,  specific 
gravity  0.96,  added.  A  clear  solution  should  result,  turibidity  indicating  presence  of 
unsaponified  fat.^ 

It  will  be  noted  that  the  method  differs  from  the  Dalican  test  in  two  important  de- 
tails. First,  the  fatty  acids  are  thoroughly  dried ;  second,  the  metho<i  gives  a  definite 
time  when  to  stop  stirring.  The  thorougn  drying  of  the  fatty  acids  was  adopted  as 
given  above,  as  it  has  been  clearly  demonstrated  that  moisture  in  the  fatty  acids 
lowers  the  titer  about  0.4°  to  0.5°  C.  Further,  if  the  fatty  acids  are  dried  in  hydroeen 
gas  by  heating  up  to  150°  C,  the  titer  is  the  same  as  if  the  heating  was  performed  in 
the  open  air,  or  if  they  were  dried  in  a  bath  for  about  four  hours  at  105°  C.  ^ 

Mr.  Ittner  uses  the  following  method: 

The  acids  are  detached  and  the  dish  drained  of  nearly  all  its  water  and  the  acids 
melted  down  in  the  same  dish.  After  the  acids  are  melted  clear,  they  are  poured  into 
a  dry  bottle  and  kept  on  the  water  bath  until  the  titer  can  be  taken. 

«Lewkowit«^h,  Chem.  Anal,  of  Oils,  Fats,  and  Waxes,  2d  ed.,  p.  100. 

^  Wolfbauer's  work,  Lewkowitsch,  Chem.  Anal,  of  Oils,  Fats,  and  Waxes,2d  ed.,p.  134. 
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The  acids  in  the  test  tul^  are  cooled  down  by  holding  the  tube  in  the  hand  and 
stirring  with  the  thermometer.  When  the  temperature  falls  within  a  d^ree  or  two 
of  the  jKjint  of  incipient  crystallization  and  while  they  are  still  clear  and  fluiil,  the 
tube  is  put  into  the  outer  jar  and  the  stirring  carefully  continued  without  intermission 
until  very  fine  crystals  begin  to  form  throughout  the  mass.  Then  the  stirring  is 
stopped  and  the  bulb  carefully  adjusted  to  the  center  of  the  acids.  At  this  point,  there 
should  be  no  thick  masses  of  crystals,  but  only  a  few  fine  scattered  ones.  Crystalliza- 
tion started  in  this  way  proceeds  evenly  throughout  the  mass.  The  temperature  may 
fall  a  little,  then  it  usually  b^ns  to  rise  a^in  until  a  maximum  is  reached,  at  which 
point  the  reading  is  constant  for  several  mmutes.  The  mercury  then  begins  to  fall, 
and  the  maximum  temperature  reached  just  previous  to  this  is  taken  as  the  titer  test 
The  acids  are  evenly  solidified  around  the  outer  parts  of  the  test  tube,  but  the  inner 
portion  around  the  bulb  is  still  quite  soft. 

One  chemist,  Mr.  G.  E.  Dyck,  of  the  National  Provisioner  Laboratory,  u£ie<l  a 
modification  of  Finkener's  method  and  his  results  are  given  below: 

Table  VIII. — Titer  on  official  samples  by  Finkener^s  method. 


Titer  of  .samples  Nos.— 

Size  of  te.st  tube. 

1.    '    .. 

49.85            40.7 

1 

8. 

Diam- 
eter. 

Length. 

37.36 

cm 
3.8 

cm 
10.0 

These  results  are  slightly  higher  than  those  given  by  the  Dalican  method  and  not 
so  high  as  those  by  Wolfbauer's  method. 
The  special  features  of  Mr.  Dyck's  method  are  as  follows: 

When  the  acids  are  clear,  the  underlying  water  is  withdrawn  by  means  of  a  siphon 
or  the  filter  pump,  fresh,  cold  water  is  added  and  the  acids  liquefied  again  until 
clear.  The  water  is  again  removed  and  the  solid  acids  washed  twice  with  cold 
water  and  dried  with  unprinted  newspaper,  whence  they  are  placed  in  a  beaker  and 
the  latter  in  the  water  bath.  When  perfectly  liquefied  the  acids  are  poured  off  the 
remaining  water  into  a  dry  beaker  and  once  more  heated  in  the  bath  for  30  minutes. 
The  acids  are  next  filtered  through  a  dry,  folded  filter  paper  into  a  tube  IJ  by4 
inches  in  the  drying  oven  at  a  temperature  of  approximately  15°  to  20°  above  the 
supposed  titer.  The  tube  is  placed  m  a  paper  mailing  case  and  this  in  a  wooden  box 
3  by  3  by  6  inches,  provided  with  a  close-fitting  lid,  according  to  Finkener,  the 
empty  space  being  filled  with  absorbent  cotton.  The  whole  is  previously  placed  in 
the  drying  oven  and  warmed  to  the  temperature  of  the  filtering  acids. 

The  perforated  lid  of  the  box  is  closed  and  at  the  appearance  of  the  first  crystals 
at  the  bottom  of  the  tube  the  acids  are  stirred  by  the  thermometer  to  the  right  and 
left  a  few  times.  When  the  mercury  stops  falling  the  stirring  is  repeated  so  tnat  the 
crystals  are  uniformly  distributed  throughout  the  entire  mass,  without,  however, 
touching  the  sides  of  the  tube  with  the  thermometer.  The  stopping  point  is  noted 
as  well  as  the  high  point  reached  by  the  mercury,  but  the  latter  only  is  reported. 

It  is  evident  from  this  work  that  there  is  need  of  a  uniform  method  of  procedure 
if  agreeing  results  are  to  be  obtained.  The  reports  show  that  the  two  methods  in 
general  use  are  Dalican' s  and  Wolfbauer's,  and  it  was  thought  by  those  present  at 
the  meeting  that  these  two  methods  would  furnish  a  satisfactory  working  basis  for 
the  coming  year,  the  idea  being  that  these  methods  should  be  tried  and  the  one 
giving  the  most  satisfactory  results  be  recommended  for  adoption  as  the  ofiicial 
method. 

The  President.  If  there  is  no  discussion,  we  will  take  up  the  subject 
of  fruits  and  fruit  products. 


Digitized  by 


Google 


73 

REPOET  ON  PKUITS  AND  FEUIT  PEODUOTS. 

By  L.  S.  MrNsoN,  A^nociale  Referee. 

The  directions  given  in  Bulletin  No.  65,  Provisional  Methods  of  Food  Analysis, 
page  78,  for  the  polarization  and  determination  of  cane  sugar,  differ  from  the  method 
for  these  operations  to  be  submitted  at  this  meeting,  by  the  referee  on  sugar,  as  the 
official  method.  I  recommend,  therefore,  that  the  methods  on  page  78,  under  fruits 
and  fruit  products,  for  polarization  and  the  determination  of  cane  sugar  be  made  to 
conform  to  the  oflScial  sugar  methods,  that  there  may  not  be  two  different  methods 
for  making  the  same  determination.  For  the  determination  of  reducing  sugars 
the  Allihn  method  is  given  (sec.  14,  p.  78),  for  which  should  be  substituted  the 
r^;ular  official  method,  which  is  the  Meissl  method  used  with  thei  Meissl  and  Hiller 
tables,  and  this  method  should  be  used  also  for  the  determination  of  cane  sugar  by 
the  process  of  inversion. 

On  page  78,  section  15,  is  given  a  method  for  the  determination  of  dextrin.  The 
only  object  in  determining  dextrin  in  fruit  products  is  to  arrive  approximately  at  the 
amount  of  glucose  in  the  materials.  Since  Bulletin  65  was  published,  two  years  ago, 
a  method  has  been  suggested  by  A.  E.  Leach,  and  another  by  Edward  Gudeman,  for 
the  determination  of  commercial  glucose  in  mixtures  of  this  nature.  Mr.  Leach's 
method  is  printed  as  provisional  on  page  48  of  Bulletin  No.  65.  Mr.  Gudeman's 
method  may  be  found  on  page  65  of  the  Nineteenth  Annual  Proceedings  of  this 
association  for  1903,  Bulletin  No.  73.  I  believe  that  both  of  these  gentlemen  have 
some  remarks  to  make  concerning  these  methods.  I  have  no  further  recommenda- 
tions to  make  concerning  fruits  and  fruit  products. 

The  President.  I  suggest  that  we  take  up  the  subject  of  saccha- 
rine products  in  order  to  give  the  gentlemen  an  opportunity  to  present 
the  papers  or  remarks  on  glucose. 

THE  DETEBMDTATION  OF  OOMMEBOIAL  OLUOOSE  IN  SOME  8A00HABINE 

PEODTJOTS. 

By  Albert  E.  Leach. 

The  determination  of  commercial  glucose  in  such  products  as  molasses  and  maple 
sirup,  wherein  the  amount  of  invert  sugar  is  comparatively  small,  is  readily  accom- 
plished by  some  such  means  as  the  provisional  method  already  given  in  Bulletin  65, 
but  its  determination  in  such  products  as  honey,  jams,  and  jellies  presents  some 
obstacles. 

At  first  sight  it  would  seem  to  be  only  necessary  to  divide  the  invert  polarization 
of  the  sample  at  87°  C.  by  the  assumed  factor  for  the  polarization  of  commercial 
glucose  to  obtain  the  percentage  of  the  latter.  As  a  matter  of  fact,  a  normal  solu- 
tion of  commercial  glucose  polarizes  somewhat  lower  after  than  before  inversion,  and 
the  reading  at  87®  is  very  much  lower  than  that  at  20°.  The  difference  between  the 
readings  at  the  high  and  low  temperature  may  be  due  in  part  to  expansion,  but 
another  disturbing  influence  enters  in  to  affect  the  results,  namely,  the  action  of 
the  acid  used  in  inversion  on  the  maltose  and  the  dextrin  of  the  glucose  at  high 
temperatures. 

If  a  normal  solution  of  commercial  glucose  be  subjected  to  inversion  in  the  ordi- 
nary manner,  it  will  be  found  impossible  to  obtain  a  constant  reading  at  a  tem- 
perature of  87°  C.  The  polarizing  figure  drops' quite  rapidly,  due  no  doubt  to  the 
hydrolyzing  action  of  the  hydrochloric  acid  on  the  maltose  and  the  dextrin.  On 
this  account  it  l)ecomes  necessary,  when  analyzing  samples  of  honey,  jams,  and  jellies 
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containing  coinniercial  gliioo.se,  to  neutralize  the  sample  as  soon  as  possible  after 
inversion,  before  the  hydrolytic  action  of  tlie  acid  Jias  set  in  t<>  any  appreciable 
extent. 

It  is  found  l>est  to  prepare  separate  normal  solutions  of  the  sample  on  one  of  which 
the  direct  polarization  is  obtaine<l  in  the  usual  manner.  For  the  invert  readings  the 
second  solution  is  prepared  as  follows:  Weigh  out  half  the  normal  weight  of  the 
sample,  13.024  grams,  in  a  100  cc  graduated  flask.  Dissolve  in  about  70  cc  of  water 
and  add  7  cc  of  concentrated  hydrochloric  acid.  Then  heat  to  68°  C.  and  cool  in 
the  usual  manner  for  inversion.  Add  a  few  drops  of  phenolphthalein,  and  enough 
sodium  hydroxid  to  neutralize.  Discharge  the  pink  color  with  a  few  drops  of  dilute 
hydrochloric  acid,  cool  again,  add  from  5  to  10  cc  of  the  appropriate  clarifier,  which 
in  the  case  of  honey  would  be  alumina  cream,  and  make  up  to  the  mark.  Constant 
and  presumably  correct  readings  may  be  made  with  this  solution  both  at  room  tem- 
perature and  at  87°  C.  using  the  200  mm  tul:)e  and  multiplying  the  readings  by  two. 

Following  are  the  results  of  a  series  of  readings  made  on  five  samples  of  commer- 
cial glucose  by  H.  C.  Lythgoe,  showing  the  relation  between  the  two  invert  readings 
at  22°  and  87°,  respectively,  as  well  as  the  ratio  of  the  invert  polarization  at  87°  to 
the  direct  polarization.  The  readings  were  made  on  solutions  subjected  to  the  above 
method  of  inversion  and  neutralization. 

Table  I. — Polarizations  of  5  samples  of  commercial  glucose. 


Density. 

Polarization. 

Source. 

A 

Direct 

B 

Invert  at 

22°  C. 

C 

Invert  at 
87®  C. 

Ratio  of 
C  toB. 

Ratio  of 
OtoA. 

Boston  Molasses  Co.: 

No.l 

42 
42 
42 
43 

45 

156.  C 
158.6 
169.6 
167.4 
174.0 

153.4 
154.6 
165.4 
162. 8 
171.0 

146.6 
149.0 
159.4 
155.0 
161.2 

0.956 
.964 
.964 
.952 
.943 

0.936 

No.  2 

.940 

Illinois  Sug^ar  Refining  Co 

.910 

New  England  Confectionerv  Co 

.926 

Illinois  Buirar  Refininir  Co  .        

.927 

Average                     

.956 

.933 

Obviously,  then,  if  we  are  to  express  results  in  t^rms  of  commercial  glucose,  polar- 
izing at  an  assumed  figure  (for  example,  175  as  in  the  provisional  method),  it  will 
be  necessary  in  the  case  of  jellies  and  jams  to  divide  the  high  reading  at  87°  C.  after 
inversion  by  93  per  cent  of  the  assumed  factor,  or  if  175  is  the  factor  by  163.  It  is 
obvious  also  that  the  calculation  of  invert  sugar  in  products  which  contain  also  con- 
siderable commercial  glucose  is  a  difficult  one,  by  reason  ot  the  influence  of  the  com- 
mercial glucose  on  the  polarization.  We  are  at  present  working  on  this  problem 
and  hoi)e  before  long  to  be  able  to  work  out  a  reliable  formula  for  the  calculation  of 
invert  sugar  in  the  presence  of  commercial  glucose. 

It  has  been  thought  best,  however,  at  this  time  to  call  attention  to  these  peculiari- 
ties of  commercial  glucose,  in  view  of  the  fact  that  it  is  understood  that  the  provi- 
sional method,  while  well  adapted  for  molasses  and  sirups,  is  being  quite  lai^gely 
used  for  jams  and  jellies  as  well.  No  doubt  a  rough  approximation  can  be  made  by 
the  use  of  the  unmodified  provisional  method  for  all  these  products,  but  where  veri- 
fication of  manufacturers'  formulas  is  involved,  or  where  more  exact  methods  are 
needed,  the  above  precautions  should  be  lx)rne  in  mind. 

The  President.  We  are  indeed  fortunate  in  having  with  us  this 
morning  one  who  is  doing  so  much  for  the  agricultural  interests  of  the 
country  and  who  has  alwa^'s  taken  a  deep  interest  in  the  work  of  our 
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association.  It  affords  me  great  pleasure  to  introduce  the  honorable 
Secretary  of  Agriculture,  Mr.  James  Wilson,  to  the  association. 
(Applause.) 

ADDRESS  OP  SEOEETART  WILSON. 

Mr.  President  and  Gentlemen  op  the  Association:  The  Secretary  of  Agriculture 
can  do  very  little;  one  man  can  do  very  little  anywhere,  unless  he  is  well  sustained 
in  his  efforts  along  the  line  of  his  work.  I  want  to  say  to  you  that  it  has  been  a 
matter  of  great  satisfaction  to  myself  and  the  Department  of  Agriculture  to  have  such 
steady,  unflagging  support  as  we  have  had  from  this  association.  We  regard  you  as 
among  our  most  intielligent  friends.  The  work  that  you  have  been  doing  has  been 
of  great  value  to  the  country  and  is  beginning  to  bear  fruit. 

We  are  having  a  good  measure  of  success  in  executing  the  law  with  regard  to  the 
importation  of  foreign  foods  that  are  not  good  enough  for  the  people  who  live  in  the 
countries  where  they  originate.  The  conclusion  has  been  reached  that  they  are  not 
goo<i  enough  for  us,  and  new  light  is  being  brought  to  the  subject  daily  in  that  the 
merchants  who  import  those  goods  are  learning  that  they  need  the  protection  of  the 
American  chemists.  They  do  not  know  when  goods  are  adulterated;  at  least,  they 
have  not  known,  but  they  are  discovering  it  now.  The  law  is  being  successfully  put 
in  force  and  the  merchants  of  the  United  States  give  it  a  hearty  welcome,  and  it  will 
work  a  complete  cure  in  a  few  >ears. 

I  am  well  satisfied  that  the  American  merchants  will  not  endeavor  to  surrepti- 
tiously bring  into  the  United  States  things  that  should  not  be  brought  in — that  are 
contrary  to  law.  I  believe  that  a  very  large  proportion  of  the  American  people  are 
honest  people.  But  we  have  to  admit  that  once  in  a  while  we  have  a  rascal  among 
us  and  he  has  to  be  looked  after  a  little — but  I  believe  he  is  the  extreme  exception. 

We  must  take  another  step.  The  States  are  not  able  to  protect  themselves  and 
enforce  their  food  laws  beyond  their  own  borders.  I  really  think  we  have  come  to 
the  time  when  the  Federal  Government  should  give  us  interstate  pure  food  laws,  so 
that  our  people  may  be  protected  from  an  occasional  rascal  we  may  have  at  home. 
I  hardly  think  that  we  can  claim  that  nobody  in  the  United  States  is  disposed  to 
cheat  his  neighbor;  we  are  not  that  near  the  millennium  yet.  But  this  association 
is  aiding  us  to  reach  conclusions  which  I  think  will  help  us  to  discipline  the  people 
at  home  who  require  discipline.  I  believe  the  time  has  come,  and  the  steady  pres- 
sure exerted  by  the  gentlemen  of  this  association  has  brought  it  about  to  a  large 
extent,  when  we  should  look  after  the  movement  of  these  matters  in  their  relation 
to  interstate  commerce. 

I  have  only  a  moment  and  you  are  busy  people.  I  only  came  to  take  my  hat  off 
to  you  and  give  you  a  hearty  welcome  and  say  good  day.     (Applause. ) 

The  discussion  on  glucose  methods  was  then  resumed. 

Mr.  Leach.  Mr.  Gudeman  and  I  have  had  a  friendly  controversy 
with  reference  to  glucose  methods.  His  method  is  based  on  the  h3'^drol3^- 
sis  of  sugars  and  mine  on  the  simple  polarization.  When  dealing  with 
such  a  complex  substance  as  commercial  glucose  it  is  impossible  to  get 
an  exact  method  for  its  determination  in  saccharine  products,  as  its 
moisture  content,  polarization,  and  density  all  vary.  But  at  the  same 
time  we  are  confronted  with  the  fact  that  it  is  necessary  sometimes  in 
court  work  and  in  verifying  formulas  on  packages  for  the  chemist  to 
adopt  some  method  and  express  the  results  in  percentage,  no  matter 
how  unsatisfactory  they  may  be.  Therefore,  I  think  the  method 
chosen  should  be  accepted  subject  to  its  limitations  and  the  results 


Digitized  by 


Google 


76 

given  in  the  terms  of  some  arbitrary  factor.  The  fiictor  assumed  in 
my  formula,  i.  e.,  the  liighest  polarization  of  a  given  gi'ade  of  com- 
mercial glucose  used  by  dealers  that,  within  our  experience,  has  ever 
been  found,  gives  the  manufacturer  the  benefit  of  the  doubt  in  every 
case.  If  we  find  75  per  cent  of  glucose  the  ji-ihances  are  that  the  manu- 
facturer has  used  about  80  per  cent.  That  is,  he  has  used  a  lower 
polarizing  glucose  than  we  credit  to  him.  At  best  this  is  unsatisfac- 
tory, but  from  the  commercial  standpoint  the  ease  with  which  the 
amount  of  glucose  is  calculated  should  be  considered.  The  sample 
must  be  polarized  in  any  case,  and  having  done  this,  the  per  cent  of 
glucose  may  be  calculated  by  the  formula  and  the  facts  obtained  quite 
as  easily  as  by  Mr.  Gudeman's  method  based  on  the  hydrolysis  of 
sugars. 

Mr.  GuDEMAN.  The  method  which  1  suggested  was  not  offered  as  a 
provisional  method,  but  simply  as  a  method  giving  absolute  results. 
If  you  compare  it  with  Mr.  Leach's  method  you  will  see  that  his 
method  has  all  the  advantages  of  rapidity,  simplicity,  and  cheap- 
ness. But  when  it  comes  to  absolute  accuracy,  the  method  1  suggested 
of  determining  the  component  parts  of  glucose  gives  closer  results. 
At  the  same  time  a  very  slight  modification  of  Mr.  Leach's  method 
will  lead  to  these  results,  and  that  modification  consists  in  accepting  a 
constant  for  the  polarization  of  glucose,  and  also  defining  the  percent- 
age or  accepting  a  constant  for  the  percentage  of  water  in  glucose,  and 
using  these  two  factors  irrespective  of  the  article  under  examination. 
The  whole  gist  of  my  original  paper  is  found  in  a  few  lines,  on  page 
68,  of  the  proceedings  of  this  association  for  last  year,  where  I  stated 
that  the  use  of  different  factors  of  rotation,  subject  to  the  samples 
under  examination,  will  lead  to  greater  errors  than  the  use  of  a  con- 
stant (175),  even  if  the  isame  is  not  correct.  The  main  criticism  I  have 
to  make  of  Mr.  Leach's  method  is  that  when  he  examines  certain 
products  the  constant  175  is  used,  for  other  products  150,  and  in 
another  case  185.  Now,  if  this  association  will  simply  define  glucose 
in  teiTiis  of  percentage  of  water,  irrespective  of  whether  it  is  on  a  basis 
of  dry  substance  or  the  maximum  limit  of  water,  22.5  per  cent,  and  set 
a  standard  of  polarization,  the  results  obtained  b}'^  different  chemists 
will  agree.  As  it  is  now  they  do  not  agree.  Some  chemists  are  using 
Mr.  Leach's  method,  and  others,  among  them  official  chemists,  are 
using  the  factor  175  for  all  products  that  contain  glucose.  If  you 
recalculate  the  percentages  published  you  will  see  that  the  factor  is 
always  between  175  and  176.  Mr.  Leach  is  under  the  impression  that 
various  gi*ades  of  glucose  are  manufactured  for  various  pui*poses. 
That  is  not  so.  There  is  only  one  kind  of  glucose  manufactured  in 
the  United  States  to-day,  but  there  are  different  degrees  of  moisture 
and  the  polarization  is  aftected  thereby. 
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I  would  suggest  that  this  association  adopt  a  constant.  I  did  not 
come  prepared  with  a  paper,  but  wanted  to  bring  out  the  fact,  and  it 
has  been  brought  out,  that  the  methods  of  determining  glucose  are 
now  under  consideration  by  the  various  chemists,  and  I  believe  it  will 
not  be  long  before  a  method  is  adopted  that  will  give  at  least  com- 
parative results  by  diflferent  analysts. 

Mr.  Wiley.  What  Mr.  Gudeman  has  said  in  regard  to  this  matter 
is  without  question,  assuming  that  his  statement,  that  there  is  only 
one  grade  of  glucose  made  in  the  United  States  which  varies  only  in 
the  percentage  of  water  present,  is  a  correct  one.  I  do  not  mean  to 
accuse  Mr.  Gudeman  of  making  incorrect  statements,  but  that  would 
be  a  very  diflScult  thing  to  secure.  It  is  true  that  glucose  is  practically 
made  under  the  direction  of  a  single  firm,  the  Corn  Products  Com- 
pan}%  which  undoubtedly  alwaj'^s  uses  the  same  processes,  and  hence 
his  statement  comes  nearer  being  true  now  than  ever  before  in  the 
history  of  glucose  making. 

When,  in  1880,  glucose  first  became  a  prominent  element  in  com- 
merce, I  was  called  upon  to  make  some  examinations  of  this  substance, 
and  discovered  that  there  was  a  constant  relation  between  the  reduc- 
ing power  of  glucose  on  copper  salts  and  its  polarizing  power.  If  all 
glucoses  are  reduced  to  the  same  standard  of  water  or  calculated  to 
the  dry  substance,  you  will  find  an  exact  relation  between  the  copper- 
reducing  power  and  the  polarization.  So  exact  is  this  relation  that 
you  can  polarize  a  glucose  and  calculate  the  amount  of  copper  it  will 
reduce,  or  vice  versa.  But  even  under  a  single  direction  there  must 
be  differences  in  the  amount  of  conversion  in  the  starch.  It  is  not 
technically  possible  to  stop  every  conversion  at  exactly  tibe  same 
point.  That  is  the  only  flaw  in  Mr.  Gudeman's  reasoning.  If  the 
conversion  or  hydrolysis  were  always  carried  to  the  same  point,  then 
a  constant  factor  could  be  adopted  which  would  be  perfectly  satisfac- 
tory. But  otherwise,  a  constant  factor  can  not  be  used.  There  is  no 
doubt  but  that  if  all  chemists  would  take  the  same  factor  their  results 
would  agree.  There  is  a  difference  between  having  results  that  agree 
and  results  that  are  correct.  You  can  make  the  the  most  incorrect 
results  agree,  and  you  can  make  the  most  correct  results  disagree,  if 
you  change  the  subject  on  which  you  are  working.  So  I  would  like 
to  ask  Mr.  Gudeman  and  Mr.  Leach,  is  it  true  that  all  glucose  made 
now  is  subjected  to  the  same  degree  of  hydrolysis? 

Mr.  Gudeman.  Mr.  Wiley  is  correct  in  his  statement.  When  I 
said  that  there  was  only  one  kind  of  glucose  made  I  did  not  refer  to 
the  chemical  composition  of  the  glucose  but  was  answering  Mr. 
Leach's  statement  that  there  is  one  grade  of  glucose  made  for  the  jam 
manufacturer,  another  for  the  jelly  manufacturer,  and  yet  others  for 
the  brewer  and  the  confectioner.  The  manufacturer  makes  only  one 
grade  of  glucose  and  that  is  used  l)y  all  the  different  manufacturers. 
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But  this  one  grade  of  glucose  will  vary.  1  have  shown  in  my  article 
that  the  variation  in  the  composition  of  glucose  is  ver\'  large,  i-anging, 
as  regards  the  reducing  power,  from  about  forty  to  sixty.  Mr.  Wiley 
is  correct;  it  is  absolutely  impossible  for  the  manufacturer  to  dupli- 
cate the  article.  For  practical  purposes  they  are  the  same.  But 
theoretically  and  chemically  they  are  not  the  same. 

The  point  I  want  to  make  is  that  the  manufacturer  only  makes  one 
grade  of  glucose  to  go  on  the  market  for  the  different  submanufac- 
turers.  This  glucose  varies  right  along,  and  while  theoretically  the 
reducing  power  and  the  polarization  have  a  certain  ratio,  and  one  can 
be  calculated  from  the  other,  as  a  matter  of  fact  it  has  never  been 
found  possible  to  control  the  manufacture  of  glucose  bv'  moans  of  the 
polariscope,  though  it  can  be  controlled  by  the  iodin  test. 

Mr.  Leach.  I  think  the  statement  made  bj^  Mr.  Gudeman  that  only 
one  gi'ade  of  glucose  is  manufactured  might  create  a  wrong  impres- 
sion. I  do  not  think  he  means  to  say  exactly  that,  because  he  knows 
that  45^,  43^  and  42  glucose  is  sold  to  the  trade — that  is,  there  are 
three  distinct  grades.  Of  course,  in  one  sense  what  Mr.  Gudeman 
says  is  true,  there  is  only  one  substance  called  glucose,  but  it  is  sup- 
plied to  the  trade  in  different  grades.  I  happen  to  know  that  the 
New  England  Confectionery  Association,  which  has  absorbed  all  the 
large  confectionery  establishments  in  New  England,  uses  only  the  43^ 
and  45^  B^.  glucose.  I  also  know  that  molasses  mixei*s  use  onlj'  the 
42°  grade.  Recently  I  visited  the  w^arehouse  of  the  largest  manufac- 
turers of  compound  molasses  in  New  England  where,  among  200 
barrels  of  glucose  all  marked  42^  Be.,  I  selected  samples  at  random  for 
analysis.  The  45^  B^.  glucose,  although  a  liquid,  is  of  such  a  consist- 
ency that  you  could  turn  a  bottle  of  it  upside  down  and  it  would  not 
flow  out  for  half  an  hour.  It  is  so  stiff  that  it  can  not  be  used  in 
molasses,  while  the  42^  B^..  glucose  has  just  the  right  consistency  for 
that  purpose.  That  is,  45^  Be.  glucose  to  be  mixed  with  molasses 
must  be  watered  down  to  the  consistency  of  that  product  and  then  it 
virtually  becomes  42^  B^.  glucose.  In  the  firat  place  the  45*^  grade 
has  a  polarization  much  higher  than  175,  but  when  watered  down  the 
polarization  decreases.  So,  I  can  not  understand  how^  there  can  lie 
said  to  be  only  one  grade  of  glucose  when  these  three  grades  are  made, 
all  varying  within  certain  limits,  and  are  selected  for  use  in  the  trade 
with  special  reference  to  their  consistency. 

Mr.  Gudeman.  On  page  66  of  your  report  of  last  year  the  subject 
is  covered  completely.  When  I  say  there  is  one  grade  of  glucose,  that 
is  absolutely  correct.  You  can  figure  on  one  grade  and  you  can  add 
as  much  water  as  you  like  and  it  does  not  change  the  glupose.  In  my 
original  article  I  give  there  the  extremes  for  the  manufacture  of  glu- 
cose, ranging  from  40  parts  reducing  substance  to  60  parts  of  non- 
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reducing  substance  against  55  parta  of  reducing  substance  and  45  parts 
of  nonreducing  substance.     Then  I  go  further  and  say — 

Glucose  is  a  thick  sirup,  41°  to  45°  B^,  containing  13  to  22.5  per  cent  of  water. 
*  *  *  If  the  conversion  of  starch  with  acid  is  carried  to  a  point  where  a  dildte 
iodin  solution  will  just  give  a  distinct  color  reaction,  we  have  glucose.  *  *  *  The 
ratio  of  the  reducing  substance  to  nonreducing  substance  depends  on  the  accuracy 
in  stopping  the  conversion,  for  neutralization,  at  the  exact  point  decided  upon. 
This  ratio  determines  whether  the  product  is  glucose  or  grape  sugar,  and  no  sharp 
dividing  line  exists.  The  rotating  powers  of  glucose  and  grape  sugar  depend  abso- 
lutely on  this  ratio.  Actually  no  two  batches  of  commercial  glucose  or  grape  sugar 
are  identical;  for  all  practical  purposes  they  are  alike,  as  a  few  points  either  way 
from  the  standard  decided  upon  will  make  no  difference  in  the  appearance,  taste,  or 
working  qualities  of  these  products. 

Now,  that  is  the  only  difference.  When  you  examine  a  product  that 
contains  the  glucose  it  is  absolutely  impossible  to  tell  what  grade  of 
glucose  has  been  used,  allowing  that  each  percentage  of  water  means 
a  different  grade.  If  the  results  are  figured  on  the  dry  substance,  as 
far  as  the  commercial  article  is  concerned,  but  one  grade  of  glucose 
exists.  The  commercial  article  itself  contains  var3ing  percentages  of 
water.  When  a  product  is  examined  it  is  impossible  to  determine 
whether  a  grade  of  41^,  43^,  or  45^  glucose  has  been  used. 

Mr.  Leach.  I  onh^  want  to  say  one  more  thing  and  that  is  that 
each  manufacturer  uses  the  grade  that  is  particularly  adapted  for  his 
puipose.  He  is  not  going  out  of  his  way  to  change  the  material 
purchased  by  watering  or  boiling  down.  If  he  wants  a  thick  glu- 
cose he  buys  the  45^,  if  he  wantjj  a  thin  glucose  he  buys  42^. 

Mr.  Wii.EY.  There  is  just  a  little  flaw  in  the  cogent  reasoning  of 
Mr.  Gudeman,  and  to  illustrate  it  I  will  say  that  on  the  Board  of 
Trade  of  Chicago,  in  which  city  Mr.  Gudeman  lives,  there  are  three 
grades  of  wheat  recognized  in  the  market.  I  have  no  doubt  that  in 
each  one  of  those  three  grades  there  are  plenty  of  grains  that  belong 
to  the  other  two  gmdes,  and  yet  the  three  grades  are  absolutel}^  rec- 
ognized, and  I  think  we  could  not  say  that  there  is  only  one  grade  of 
wheat  recognized  on  the  Chicago  market.  They  have  distinct  qualities, 
and  each  grade  can  be  recognized  by  experts.  So  glucose  has  distinct 
grades,  which  can  be  recognized  by  the  chemist,  though  the  only  vari- 
ation be  in  the  amount  of  water. 

Mr.  Gudeman.  The  German  Government  recognizes  only  one  grade 
of  glucose  as  having  a  certain  specific  gravity  and  consequently  a  cer- 
tain percentage  of  water,  and  I  only  recognize  one  grade  of  glucose 
free  from  water,  and  base  my  remarks  on  that  point.  What  Mr. 
Wiley  says  is  true,  but  I  would  like  to  ask  him  how  he  can  determine 
in  a  glucose  mixture  whether  41^,  42  ,  or  45'  glucose  has  been  used, 
and  how  he  can  differentiate  them  when  mixed  with  molasses  or  any 
other  product? 
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Mr.  Wiley.  It  has  been  shown  that  the  difficulty  of  incorporating 
a  given  grade  of  ghicose  in  certain  products  is  so  great  that  it  is  not 
attempted,  and  therefore  if  we  should  find  glucose  in  a  certain  mixture 
we  would  infer  that  it  was  not,  let  us  say,  45^  glucose. 

Mr.  Leach.  I  would  like  to  make  a  recommendation  that  the  method 
as  it  now  stands  be  changed,  to  the  effect  that  the  results  shall  he 
expressed  in  terms  of  glucose  polarizing  at  175^,  thus  doing  away  with 
any  uncertainty.  I  will  frame  such  a  recommendation  and  submit  it  to 
the  conunittee  on  recommendations. 

Mr.  Wiley.  I  think  that  will  be  a  step  toward  the  solution,  and  it 
makes  no  difference  whether  the  result  be  expressed  as  hydrous  or  as 
anhydrous  glucose.  It  is  a  good  suggestion  to  regard  the  solid  sub- 
stance only,  and  thus  remove  the  difficulty. 

Ml".  Leach.  Except  that  when  we  are  called  upon  to  express  the 
quantity  of  commercial  glucose  in  a  mixture,  in  court,  the  statement 
as  to  the  dry  substance  is  not  desired. 
;  Mr.  Wiley.  It  must  be  calculated  to  the  commercial  grade  of  water. 

Mr.  Leach.  Yes;  whereas  if  one  determination  is  made  and  ex- 
pressed as  wet  substance  direct  the  whole  ground  is  covered  at  once. 

Mr.  GuDEMAN.  As  I  am  not  a  member  of  this  association,  I  could 
not  make  a  motion,  but  I  think  the  recommendation  made  by  Mr. 
Leach  covers  the  whole  subject,  and  it  agrees  absolutely  with  my 
original  suggestion  that  a  constant  factor  be  used  rather  than  a  vari- 
able one.  I  wish  to  express  my  thanks  to  the  association  for  allowing 
me  to  take  part  in  this  discussion. 

Mr.  MuNSON.  I  would  like  to  say  a  word  or  two  in  regard  to  the 
factor  selected.  In  Mr.  Gudeman\s  article  in  last  year's  proceedings 
the  range  in  polarization  of  the  dry  material  given  for  glucose  is  from 
186^  to  198^.  The  amount  of  water  is  stated  to  vary  from  13  to  22.5 
per  cent.  Assuming  that  the  highest  polarization  of  198°  is  found 
with  a  glucose  having  the  lowest  percentage  of  water,  and  reducing  the 
reading  to  the  basis  of  the  original  glucose  having  13  per  cent  of 
water,  the  highest  polarization  becomes  only  172^,  which  bears  out 
Mr.  Leach's  more  recent  work  in  which  he  has  shown  that  the  polari- 
zation of  glucose  is  very  umch  lower  than  formerly.  It  seems  prob- 
able that  the  factor  175  is  higher  than  that  of  any  sample  of  glucose, 
even  the  45"^  B^.,  to  be  found  in  the  trade. 

Mr.  Leach.  It  is  true  that  later  experiments  seem  to  indicate 
that  42^  Be.  glucose  as  now  made  polarizes  lower  than  formerly.  I 
selected  175  because  that  is  tlie  factor  we  have  used  for  ten  years, 
using  the  highest  factor  so  as  to  give  the  manufacturer  the  benefit  of 
the  doubt.  When  asked  in  court  how  much  glucose  is  present,  we 
say,  '^at  least"-  a  certain  ikm*  cent;  there  may  be  more.  It  is  for  this 
reason,  and  to  avoid  uncertainty,  that  I  would  recommend  expressing 
results  ill  terms  of  a  certain  factoi*.  If  it  seems  to  be  desirable  to 
change  this  factor  at  any  time  it  can  ))e  done. 
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The  President.  Committee  C,  of  which  Mr.  Leach  is  chairman, 
has  this  subject  under  consideration,  and  any  further  material  on  the 
subject  can  be  submitted  to  him. 

The  report  on  dairy  products  is  in  order. 

Mr.  Cavanaugh  (referee  on  dairy  products).  It  has  been  impossible 
for  me  to  make  a  formal  report  this  year.  I  recommend  that  the 
referee  for  next  year  take  up  the  same  subject,  viz,  the  effect  of  pre- 
servatives on  the  albumin  of  milk  with  special  reference  to  their 
quantitative  determination. 

Mr.  Patrick.  I  wish  to  submit  a  note  on  the  Waterhouse  test  for 
the  detection  of  renovated  butter,  as  modified  at  the  Department  of 
Agriculture. 

NOTE  ON  THE  WATEBHOUSE  TEST,  MODIFIED,  FOR  THE  DETECTION  OF 

RENOVATED  BUTTER. 

By  G.  E.  Patrick. 

Two  years  ago  I  reported  to  the  association  the  results  of  my  work  with  this  test 
as  applied  to  the  detection  of  renovated  butter,  and  in  view  of  certain  experiences 
with  the  test  since  that  time  it  seems  advisable  to  make  a  further  report. 

In  order  to  avoid  confusion,  it  may  be  well  to  review  the  following  facts:  The 
Waterhouse  test  was  originally  proposed  for  the  detection  of  oleomargarin, «  and 
consisted  in  melting  the  butter  or  oleomargarin  in  liot  milk  (preferably  skim  milk) 
and  stirring  the  mixture  rapidly  while  it  is  cooled  by  placing  the  vessel  in  cold  water 
or  otherwise.  The  writer  soon  found  that  renovated  butter  would  behave  the  same 
as  oleomargarin  upon  the  application  of  this  test— that  is,  it  would  gather  in  a  lump 
or  single  mass  during  the  stirring  unless  the  cooling  was  effected  very  rapidly,  as  by 
ice  water.  In  order  t-o  make  the  test  one  for  oleomargarin  as  distinguished  from 
both  renovated  and  genuine  butter,  and  at  the  same  time  to  make  it  useful  to  butter 
consumers  who  need  such  a  test  more  than  chemists  do,  household  utensils  were 
used  and  a  practical  way  determined  of  obtaining  the  temperature,  with  those  uten- 
sils, at  which  oleomargarin  gathers  in  a  lump,  and  butter,  either  genuine  or  reno- 
vated, granulates.  ^    So  much  for  the  test  as  applied  U)  the  detection  of  oleomargarin. 

Further,  it  was  found  that  upon  cooling  much  more  slowly  than  is  required  in 
testing  for  oleomargarin,  for  example,  with  water  at  12°  C,  instead  of  with  ice  water, 
renovated  butter  will  gather  in  a  lump  or  single  mass,  while,  as  a  rule,  genuine  butter 
will  granulate.  The  exceptions  to  the  rule  were  thought  to  1^  butters  that  had  been 
more  or  less  melted,  though  possibly  others  were  included,  since  a  few  butters  not 
visibly  damaged  were  among  the  exceptions.  These  results  were  obtained  when 
testing  with  milk.  Mr.  Wiley  suggested  trying  water  instead  of  milk,  and  this 
worked  so  well  that  the  former  medium  has  l)een  used  in  the  greater  part  of  our 
work  ever  since.  The  details  of  the  test  as  conducted  in  this  laboratory  are  as 
follows: 

One  hundred  cubic  centimeters  of  distilled  water  in  a  small  tin  cup,  2}  inches  in 
diameter,  are  heated  to  just  belo\v  50°  C,  a  slightly  rounded  teaspoonful  of  the  butter 
is  added,  and  gently  stirred  until  melted;  the  temperature  is  then  raised  to  exactly 
60°,  the  cup  is'immediately  placed  in  a  pan  9  to  9i  inches  in  diameter  at  the  base, 
containing  1,000  cc  of  water  at  12°  C.  The  contents  of  the  cup  are  then  stirred 
rapidly  with  a  wooden  rod  (more  slender  than  a  match )  for  10  minutes  with  a  circular 
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and  crosswise  motion  in  turn,  in  such  manner  as  to  keep  the  fat  well  agitated.  The 
water  in  the  pan  is  thoroughly  mixed  once  every  minute,  the  cup  being  used  as  a 
stirrer.     At  the  end  of  10  minutes*  stirring  the  test  is  finished. 

In  my  report  of  two  years  ago  it  was  stated,  as  the  result  of  experience  up  to  that 
time,  that  a  butter  which  granulates  in  this  test  is  above  suspicion  of  having  been 
renovated,  and  is  surely  genuine.  Two  years  more  of  experience  have  shown  that 
this  view  must  be  modified,  for  four  samples  of  canned  oleomargarin  from  Europe 
have  been  encountered  that  granulated  like  genuine  butter  in  this  test.  Further- 
more one  sample  of  canned  butter  (No.  291  D.  D.)  also  from  Europe,  which,  while  it 
was  not  a  renovated  butter  judging  from  the  microscopic  examination,  acted  like  one 
in  the  boiling  test,  but  nevertheless  granulated  like  a  genuine  butter  in  the  modified 
Waterhouse  test.  The  fat  of  this  butter,  examined  after  some  months  exposure, 
however,  gave  a  Reichert  Meissl  number  of  22.4  and  a  saponification  number  of 
229. 7,  figures  which  certainly  fail  to  prove  adulteration.  As  to  the  four  oleomargarins, 
it  is  probable  that  their  behavior  was  caused  by  the  kind  of  fats  entering  into  their 
composition,  since  other  European  oleos  openeil  at  the  same  time  behaved  exactly 
as  do  American  oleos — that  is,  they  ** gathered**  in  this  test. 

The  failure  of  the  test  to  detect  oleomargarin  is  of  little  consequence  to  the  chemist, 
since  he  has  so  many  ready  means  of  detecting  an  oleo.  Failure  to  detect  a  renovated 
butter  would  be  much  more  serious,  but  in  the  case  cited  it  is  an  open  question 
whether  or  not  the  test  failed  at  all.  The  instances  given  above  are  tlie  only  ones 
yet  encountered  in  which  a  butter  that  granulated  in  the  test  was  not  considered 
upon  other  grounds  as  being  genuine,  i.  e.,  not  renovated — ^and  at  least  not  grossly 
adulterated.  What  would  be  the  effect  of  moderate  adulteration  iii  the  chum,  with- 
out melting,  is  an  unanswered  question. 

Turning  now  to  a  consideration  of  the  exceptions,  it  is  found  that  it  is  as  yet  impos- 
sible to  name  with  certainty  all  the  causes  for  the  behavior  of  the  few  genuine  but- 
ters that  gather  in  this  test.  From  the  first  the  writer  has  thought  that  partial 
melting  of  the  butter  by  careless  treatment  while  in  transit  or  storage  is  one  of  the 
causes,  but  this  is  merely  an*  assumption,  as  it  has  never  been  proved.  Another  cause 
recently  discovered  by  the  writer  is  of  a  similar  nature  and  was  observed  in  the  fol- 
lowing way:  During  the  past  year  frequent  analyses  were  made  of  butter  from  a 
dairy  conducted  on  creamery  methods,  and  it  was  found  that  this  butter,  althougli 
fresh  and  perfect  in  appearance,  invariably  gathered  in  a  lump  when  subjected  to  the 
Waterjiouse  test,  modified.  This  butter  had  two  evident  peculiarities;  it  was  always 
without  salt  and  was  of  a  very  mild  flavor,  so  mild  in  fact  that  it  was  at  once  pro- 
nounced to  be  a  sweet  cream  butter.  That  the  absence  of  salt  was  not  the  cause  of 
the  abnormal  behavior  of  the  butter  in  this  test  was  proved  by  repeating  the  trial 
after  having  salted  the  butter  in  the  laboratory,  the  result  being  the  same.  For  a 
long  time  the  writer  forced  himself  against  reason  to  almost  ^)elieve  that  the  peculiar 
behavior  of  the  butter  was  due  to  the  fact  that  it  was  made,  as  w-as  believed,  from 
unripened  cream,  but  finally  the  thought  suggested  itself  that  the  butter  might  be 
made  from  pasteurizeil  cream,  and  upon  inquiry  it  was  learned  that  about  half  of 
the  cream  used  in  the  making  of  each  lot  of  butter  was  pasteuriased  at  160°  F.  for  10 
minutes,  then  mixed  with  the  other  half  which  was  not  pasteurized,  and  the  whole 
ripened  to  an  acidity  of  about  0.6  per  cent,  a  fact  which  quite  upset  the  theory  that 
it  was  sweet  cream  butter. 

Since  these  facts  were  ascertained  the  writer  has  tested  samples  of  all  the  butters 
to  be  found  in  the  Washington  market  which  it  was  claimed  were  made  from  pas- 
teurized cream.  Only  four  brands  were  found,  three  in  prints,  the  wrappers  of  which 
bore  the  statement  that  the  butter  was  made  from  pasteurized  cream;  the  fourth  was 
tub  butter,  whose  claim  to  pasteurization  rested  upon  a  verbal  statement  said  to  ema- 
nate from  the  manufacturer.  Of  these  four  samples  only  one  gathered  in  the  test; 
the  other  three  granulated,  thus  placing  themselves  above  suspicion.  The  question 
naturally  arises  as  to  whether  these  three  butters  were  really  made  as  alleged  from 
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pasteurized  cream,  and  afcain  whether,  if  so  made,  the  temperature  of  pasteurization 
was  not  lower,  or  the  time  of  its  apphcation  shorter,  than  obtained  in  the  manu- 
facture of  the  samples  which  gathered  in  the  test.  For  the  answering  of  these  ques- 
tions there  has  as  yet  been  neither  time  nor  opportunity.  In  whatever  way  they 
may  be  answered  in  the  future,  or  whatever  facts  may  be  developed,  certainly  those 
already  observed  indicate  strongly  that  one  of  the  causes  which  may  cause  a  genuine 
butter  to  gather  in  the  modified  Waterhouse  test  is  the  pasteurizing  of  the  cream 
from  which  it  is  made. 

The  President.  If  there  are  no-  other  papers  on  this  subject  we 
will  take  up  the  report  on  nitrogen. 

BEPOBT  OK  THE  DETEBMIKATION  OF  NITBOGEN. 
By  F.  W.  Morse,  Referee. 

Eight  laboratories  cooperated  in  the  work  on  available  organic  nitrogen.  Some 
preliminary  work  on  the  neutral  permanganate  method  was  executed  by  Mr.  L.  A. 
Hill,  of  the  New  Hampshire  station,  and  the  department  of  foods  and  feeding  of  the 
Massachusetts  station  made  some  comparisons  of  various  modifications  of  the 
alkaline  method  for  determining  availability. 

As  a  result  of  these  trials,  the  referee  decided  to  use  but  two  samples  of  materials, 
to  leave  the  neutral  method  as  it  stood  last  year,  and  to  try  three  modifications  of 
the  alkaline  method.  The  preliminary  work  on  the  neutral  method  showed  that 
marked  variations  in  the  effect  of  the  permanganate  solution  on  the  nitrogenous  sub- 
stance were  produced  by  changes  in  temperature,  such  as  would  be  caused  by  a  sim- 
mering water  bath,  or  one  boiling  vigorously,  and  the  use  of  hot  solutions  at  the 
start  instead  of  cold.  This  last  modification  produced  such  a  marked  effect  on  the 
solubility  of  the  nitrogen,  and  increased  so  much  the  apparent  availability,  that  it  was 
deemed  inadvisable  to  use  it,  but  to  emphasize  the  importance  of  a  lai^  water  bath 
well  filled  and  boiling  vigorously. 

The  work  with  the  alkaline  permanganate  solution  showe<l  the  necessity  of  a  fixed 
amount  of  distillate  and  the  probable  advantage  of  a  larger  volume  of  solution.  The 
methods  as  sent  to  the  various  analysts  were  as  follows: 

The  neutral  permanganate  method. — Into  a  400  cc  Griffin  beaker,  low  form,  weigh 
an  amount  of  sample  containing,  approximately,  0.075  grams  of  nitrogen  (samples 
containing  material  that  has  been  treated  with  acid  should  be  washed  on  a  9  cm  S.  S. 
No.  695  filter  to  200  cc  and  transferred,  filter  and  all,  to  beaker) ;  digest  this  with 
125  cc  of  permanganate  of  potash  solution  (16  grams  of  pure  potassium  permanganate 
in  1,000  cc  of  solution)  in  a  steam  or  hot- water  bath  for  thirty  minutes.  Have  the 
beaker  let  down  well  into  the  steam  or  hot  water  and  keep  closed  with  a  cover  glass, 
stirring  twice  at  intervals  of  ten  minutes  with  a  glass  rod.  At  the  expiration  of  the 
time  remove  from  bath,  add  100  cc  of  cold  water,  and  filter  through  a  heavy  15  cm 
folded  filter.  Wash  with  cold  water,  small  quantities  at  a  time,  till  total  filtrate 
amounts  to  400  cc.     Dry  and  determine  nkrogen  in  residue  by  Kjeldahl  method. 

The  alkaline  permanganate  method. — Weigh  out  an  amount  of  the  sample  containing, 
approximately,  0.045  gram  of  nitrogen,  and  transfer  to  a  600  cc  distillation  flask.  After 
connecting  with  a  condenser  to  which  the  receiver  containing  standard  acid  has  been 
attached,  digest  with  100  cc  of  alkaline  permanganate  solution  (16  grams  of  potassium 
permanganate  and  150  grams  of  sodium  hydrate  in  1,000  cc  of  solution)  for  thirty 
minutes  below  the  boiling  point.    Then  boil  slowly  until  the  distillation  is  completed. 

Since  the  samples  contain  superphosphate,  it  will  be  necessary  to  wash  them  as 
directe<l  for  the  neutral  metho<l,  but  it  is  unnecessary  for  the  alkaline  metho<l. 

In  the  neutral  method  the  time  and  temperature  are  important.  The  water  bath 
should  be  well  filled  and  boihng  vigorously.  If  nearly  empty,  or  barely  boiling,  it 
will  take  a  longer  time  to  bring  the  solution  to  its  maximum  temperature,  and  thus 

Digitized  by  VjOOQIC 


84 

cause  a  marked  variation  in  results.  Filtering;  may  be  (juickly  done  with  the  aid  of 
a  Hirsh  funnel  and  filter  pump. 

Analysts  are  requeste<l  to  try  the  following  modification  with  the  alkaline  perman- 
ganate solution:  Use  150  cc  of  solution,  and  after  digesting  30  minutes  distill  off 
100  cc.  This  method  varies  in  results  with  varying  amounts  of  distillate;  conse- 
quently a  uniform  amount  of  distillate  should  produce  more  concordant  results. 
Also  try  the  same  quantities  of  solution  and  distillate,  omitting  the  thirty  minutes 
digestion. 

Dried  blood  and  cotton-seed  meal  were  again  selected  as  types  of  organic  materials 
to  be  used  for  testing  the  methods,  since  it  was  the  referee's  plan  to  get  more  con- 
cordant results  from  the  different  laboratories  than  were  obtained  last  year.  Both 
materials  were  sifted  through  a  0.5  mm  sieve  and  mixed  with  an  equally  fine  acid 
phosphate.  The  mixing  was  done  as  thoroughly  as  possible,  but  as  the  blood  con- 
tained many  hard  granules  it  was  expected  that  the  different  samples  would  vary 
somewhat  in  their  content  of  total  nitrogen,  and  this  proved  to  be  the  case. 

Nine  analysts  reported  results  on  total  nitrogen  and  eight  on  the  various  methoils 
for  the  available.  The  results  are  given  in  the  tables  under  the  designations  of  the 
respective  materials. 

•T.ABLE  l.-^-7o((tl  itnd  ornilahle  nitrofjen — dried  bloody  mmpU  No.  1. 


AnalyMl. 


T.  v..  Treacot,  U.  8.  De|>artment  of  Affriculture. 


Total 
nitrogen. 


Neutral 
method. 


I      '4.20 
I     /4.26 


Department  of  foods  and  feeding.  Unteh  Kxi>eri    |[ 
ment  Station,  Ma-ssachusetb;. ..'. ' 


F.  A.  Urner,  Stale  Agricultural  Experiment  Sta- 
tion, New  York 


A.  B.  Foster,  Maryland  Agricultural  ('ollege. 


S.  H.  Shcib,  Virginia-Carolina  Chemical  Co  . 


C.  H.  Jonc»,  Agricultural  Experiment  Station,  Ver- 
mont  

F.  M.  Hollister,  Agricultural  Experiment  Station, 
Vermont , 


4.31 

4. -26 

4.05 
VA 


Insolu- 
ble 
nitro- 
gen. 

2.06 
2.03 

1      ^52    J 

.93 
.94 
.67 


aAvail- 
able 
nitro- 
gen. 


■"ii 


2.19 


3.78 


3.41 


3.37 


.\llcalinc method:  Avail- 
able nitrogen. 


M. 


2.40 
2.42 
2.66 
2.70 
2.(54 
2.04 


3.01  3.01 
3.11  .  3. 04 
2.90  I 


2.92    . 

2.87  I 


2.U 


2.65  I 
3.04  ' 


2.96  . 


2.97  I  2.77 
2.84  I  2.32 
2.91  '1.M 


.44 
.41 


--I  ::r 


4.35 


.65  I 


3.70 


L.  A.  Hill,  Agricultural  Experiment  Station,  New   1 
Hampshire ' 


4.31 
4.09 


W.  H.  ScherfTlus,  Agricultural  Experiment  Sta- 
t  ion,  Ken  tuck  y  . : 

F.  B.  Carpenter,  Virginia-Carolina  Chemical  Co... 


.48 

[       ..W 

.49 

.45 

U.27   \       .37 

4.2.>  I 


2.66  I 
2.65  j 
2.82  I 


2.59 
2.66 
2.99 


2.U5 


3.86 

2.80  , 

2.98  1 

2.94 

8.59 

f    2.65  1 
1    2.59  , 

r   2.01  . 

1.95    . 

2.  a*.  . 

3.26 
3.37 

3.32 

3.87  1 

I 


o  Calculated  by  subtrftoting  average  of  insoluble  nitrogen  from  average  total  nitrogen. 

ft  100  cc  solution,  digested  :<0  minutes,  distilled. 

<"  150  cc  solution,  digested  ;iO  minutes,  distilled  100  cc. 

rf  150  cc  solution,  no  digestion,  distilled  100  cc. 

«Tolal  by  Gunning  mcthwl;  digested  4  hours. 

/  Digested  5  hours. 

u  Digested  1  \  hours. 

A  Digested  2  hours. 

i  Digested  5  hours. 
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Tablk  II. — ToUd  and  avniUihle  nitrogen — coUon-sfed  mealj  mmple  No.  ^. 


Neutml 
method. 


Alkaline  method:  Avail- 
I         able  nitrogen. 


Analyst. 


T.  C.  Trescot,  U.  S.  Department  of  Agriculture. 


Department  of  foods  and  feeding,  Hatch  Experi- 
ment Station,  Massachusetts 


F.  A.  Umer,  State  Agricultural  Experiment  Sta-  , 
tion,  New  York ' 


Total 
nitrogen. 


«-3.81 
/3.81 


3.83 


3.85 


Insolu-  aAvail- 
ble        able 

nitro-  I  nitro- 
gen.   I    gen. 


i     61. 


A.  B.  Foster,  Maryland  Agricultural  College  . 


S.  H.  Sheib,  Virglnia-Carollna  Chemical  Co  . 


C.  H.  Jones.  Agricultural  Experiment  Station,  ! 

Vermont 

F.  M.  Hollister,  Agricultural  Experiment  Station,  I 

Vermont I 

L.  A.  Hill,  Agricultural  Experiment  Station,  New    [ 
Hampshire | 

\V.  H.  Scherfflus,  Agricultural  Experiment  Sta-  ,[ 
tion,  Kentucky !  I 


A3. 77 

3.86 
3.91 
3.84 

/3.84 


F.  B.  Carpenter,  Virginia-Carolina  Chemical  C<»... 


.47 
.47 

.25 
.24 
.24 
.48 
.59 
.50 

.48 

.21 
.24 
.24 
.22 

.32 

.29  i 


I  :;n-i 


3.34 

3.59 

S.38J 
3.41 

3.57 

3.54 
3.62 
3.65 


1.52 
1.52 

1.63 
1.62 

1.89 
1.82 

1.77 
1.86 
1.67 
2.14 
1.87 
2.09 
1.76 


c2. 


1.89 
1.92 
1.89 

1.88 
1.86 

2.Z5 
2.34 

2.38 
2.47 
2.36 
2.42 
2.43 
2.18 
2.51 


2.01 
1.96 


1.74  i      2.47 


.16 
.25 
.21 


3.63 


1.70 

1.75 
1.75 
1.30 
1.44 
1.26 


2.35 

2.25 
2.26 


I 


T 


2.19 
1,96 

1.37 
1.37 


2.29 

2.38 

2.27 
2.30 


a  Calculated  by  subtracting  average  of  insoluble  nitrogen  from  average  total  nitrogen. 

MOO  cc  solution,  digested  30  minutes,  distilled. 

C150  cc  solution,  digested  80  minutes,  distilled  100  cc. 

d  150  cc  solution,  no  digestion,  distilled  100  cc. 

« Total  nitrogen  by  Qunning  method;  digested  4  hours. 

/  Digested  5  hours. 

0  Digested  Ik  hours. 

A  Digested  2  hours. 

•  Total  digested  5  hours  by  Kjeldahl  method. 

The  parallel  detenninations  of  t«tal  nitrogen  by  the  individual  analysts  were  in  all 
cases  very  close  and  were,  therefore,  averaged  in  the  table.  The  average  results  of 
eight  analysts  using  the  neutral  method,  compared  with  those  of  eight  analysts  using 
the  first  and  second  moilifications  of  the  alkaline  metho<l,  are  as  follows: 

Table  III. — ToUd  nitrogen  recovered  as  available. 


Method. 


Neutral 

Alkaline  (1).. 
Alkaline  (2)  . 


Blood. 

Cotton- 
seed 
meal. 

Percent. 

Per  cent. 

86.5 

91.0 

63.4 

46.1 

69.4 

58.1 

Several  of  the  analysts  tried  other  modifications.     Four  made  comparisons  of 
digested  and  undigested  charges  using  100  cc  of  the  alkaline  solution.     The  digested 
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samples  were  heated  for  30  ininuteH  l)efore  diHtilling,  and  tlie  uiidige8t-ed  ones  were 
distilled  without  the  preliminary  heating.     Their  results  follow: 

Table  IV. — Available  nitrogen  recoveretl  by  iiuHilfied  alkcUhie  mdtiod. 

No.  1,  blood. 


Analyst. 


Digested     ^J^ 


No.  2,  cotton  seed. 


,  Per  cent. 

'•^•^■™" I    l^ 

C.  H.Jones 2.79 

F.  M.  HoUteter 2.80 

A.  B.  Foster 3.04 

2.96 


Percent 
2.84 
2.93 
2.68 
2.60 
2.92 
2.88 


Per  cent.  ;  Per  cent. 


1.89, 
1.82  I 
1.74  I 
1.70 
1.77 
1.86 


1,93 
1.94 
1.68 
1.64 
1.42 
1.60 


Mr.  Foster  also  tried  the  following  modification:  Use  150  cc  alkaline  solution, 
digest  30  minutes  and  distill  100  cc*,  running  in  water  through  a  tap  funnel  at  the 
same  rate  ob  the  distillate  comes  over,  thus  keeping  the  volume  of  liquid  in  the  fla^^k 
nearly  constant.  The  available  nitrogen  recovere<l  in  sample  No.  1,  blood,  was 
2.55,  2.56;  in  No.  2,  cotton  seed,  1.68,  1.69.   ■ 

The  department  of  foods  and  feeding  of  the  Massachusetts  experiment  station 
reported  results  with  the  use  of  200  cc  of  alkaline  solution,  digestion  for  one  hour  and 
distillation  of  100  cc.  The  available  nitrogen  recovered  in  sample  No.  1,  bloo<i,  was 
2.88  per  cent,  3.06  per  cent;  in  No.  2,  cotton  seed,  2.33  per  cent,  2.32  per  cent 

Mr.  Sheib  sent  some  interesting  results  showing  the  variations  due  to  different 
amounts  of  distillate  and  solution  in  the  alkaline  method.  His  results  are  given 
below: 

Table  V. — Rendts  obtained  Inj  txirying  amounts  of  distillate  and  solution  in  alkaline 

method. 


Sample  No.  1 

Quantity 
of  8olution 
employed. 

Final 
volume  of 
distillate. « 

Available 
nitrogen. 

cc 

cc 

Per  cent. 

200 

190 

2.67 

200 

190 

2.91 

150 

140 

2.89 

160 

100 

2.66 

150 

110 

2.90 

150 

100 

2.59 

150 

146 

3.11 

150 

140 

3.06 

100 

95 

2.82 

100 

90 

2.65 

100 

90 

2.66 

Sample  No.  2. 


Quantity 
of  solution 
employed. 

Final 
volume  of 
dlstiUate.a 

cr 

cc 

250 

225 

200 

185 

200 

190 

150 

100 

150 

100 

150 

100 

150 

100 

150 

100 

150 

130 

100 

95 

100 

95 

100 

95 

100 

95 

100 

90 

Available 
nitrogen.  | 


Percent. 
2.86 
2.96 
2.93 
2.42 
2.36 
2.43 
2.18 
2.51 
2.47 
1.67 
2.14 
1.87 
2.09 
1.76 


a  Approximate. 


The  following  notes  were  made  from  the  letters  of  the  different  analysts: 
Department  of  Foodn  and  Feeding^  AmlierM^  Mam. — Attention  is  again  calle<l  to  the 
use  of  sulphate  of  ]x)tash  in  the  plain  Kjeldahl  metluKl,  as  it  insures  more  perfect  and 
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niort'  rapid  oxidation.  It  iiuTea*<cis  the  jxirceiitage  of  nitroj?en  slightly  and  decreaaes 
the  time  of  digestion  to  relative  clearness  alwut  one-half.  In  the  neutral  permanga- 
nate method  the  filtrate  from  No.  1  shows  a  slight  excess  of  permanganate  and  none 
in  No.  2.  The  immediate  distillation  with  the  alkaline  permanganate  was  not  tried, 
as  too  much  time  is  required  for  the  reaction. 

A.  B.  Foster^  Maryland. — In  the  alkaline  permanganate  method  using  100  cc  and 
distilling  directly  until  as  much  a»  possible  had  distilled  over,  the  fiaaks  containing 
the  cotton-seed  meal  were  found  to  froth  badly.  The  last  5  cc  that  came  over  was 
stronger  than  centi-normal  ammonia  solution.  It  was  also  observed  that  it  made  con- 
siderable difference  whether  the  distillation  took  place  rapidly  or  slowly;  the  more 
slowly  it  was  boiled  the  more  ammonia  distilled  over. 

C.  H.  Jones f  Vermont. — The  total  nitrogen  charges  were  digested  from  two  and  one- 
half  to  three  hours.  In  the  alkaline  permanganate  method,  when  the  preliminary 
digestion  is  omitteti,  frothing  is  apt  to  occur.  This  is  not  so  troublesome  with  the 
samples  here  reported  as  with  garbage  tankage  and  other  low-grade  materials. 

F.  A.  UmeTf  New  Ynrk. — For  total  nitrogen  1  gram  was  taken  as  a  charge.  It  waa 
allowed  to  stand  over  night  with  20  cc  sulphuric  acid.  In  the  morning  it  was  digested 
slowly  for  one  hour  and  then  boiled  for  one  and  one-half  hours.  With  the  alkaline 
permanganate  method,  in  both  samples  when  only  100  cc  of  solution  were  used, 
results  were  low,  and  theise  were  thought  to  be  due  to  the  fact  that  only  75  cc  of  dis- 
tillate could  be  recovered. 

C.  D.  Howard,  associate  chemist  of  the  West  Virginia  station,  in  a  communication 
gave  the  following  experience  with  the  neutral  method  for  available  nitrogen  in  the 
practical  work  of  the  fertilizer  control:  With  ordinary  medium  grade  fertilizers  the 
use  of  a  charge  equivalent  to  0.075  gram  of  nitrogen  did  not  seem  uniformly  practi- 
cable, as  the  quantity  of  material  represented  is  usually  considerably  more  than  suffi- 
cient to  exhaust  the  125  cc  of  permanganate  solution.  Consequently  in  all  mixed 
goods  a  uniform  charge  of  2  grams  was  used.  It  was  found  that  in  this  way  much 
more  concordant  results  (tould  Ixj  obtained.  The  majority  of  brands  met  with  at 
that  station  are  made  up  on  a  guarantee  of  0.82  per  cent  of  nitrogen.  According  to 
the  method  as  laid  down,  it  would  require  over  9  grams  for  a  charge,  an  amount 
which  would  include  more  organic  matter  in  itself  than  would  be  recpired  to  exhaust 
the  permanganate. 

Kecx)mmendations. 

From  the  data  and  observations  obtained  this  year,  I  recommend  that  the  first 
part  of  the  neutral  method  be  changed  to  read  as  follows:  Into  a  300  cc  low-form 
Griffin  beaker  weigh  2  grams  of  material,  if  the  sample  is  a  mixe<l  fertilizer;  if  it  is 
from  concentrated  goods,  use  an  amount  containing  approximately  0.075  gram  of 
nitrogen. 

I  also  recommend  that  the  study  of  methods  for  the  determination  of  available 
organic  nitrogen  be  continued. 

Mr.  Carpenter.  I  have  a  paper  on  this  subject  prepared  by  Mr. 
Sheib  to  present  to  the  association : 

THE  ELEOTEOLYTIO  KEDUOTION  OF  NITROGEN  IN  METALLIC  NITRATES. 

By  S.  H.  Sheib. 

William  H.  Easton,  in  the  Journal  of  the  American  Chemical  Society,^  describes 
•'The  reduction  of  nitric  acid  in  metallic  nitrates  to  ammonia  by  the  electric  current." 
The  results  published,  however,  vary  on  a  sample  of  chemically  pure  potassium 
nitrate  l:)etween  13.32  per  cent  and  13.77  i)er  cent,  theory  requiring  13,86  per  cent. 
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111  the  aualvHitj  of  }H)ta8siuni  nitraUi  P^wtoii  employed  0.5  jjraiii  each  of  |>otai^iuin 
nitrate  and  copper  sulphato  under  the  following  conditions:  Cathode,  i)latinuiii  or 
copper  plate,  100  s^i.  cm  area;  amp^rcH,  0.15  to  3;  yoWa,  3  to  8;  dilution,  150  cc;  sul- 
phuric acid  (sp.  gr.  1.0(52),  80  cc;  tune,  for  3  am|x^res,  H  hours;  for  0.15  ampere,  8i 
hours.  The  solution  was  electrolyzed  until  the  copi^er  wais  completely  deposited, 
after  which  the  ammonia  was  determined  by  distillation  in  the  usual  manner. 

Owing  to  the  many  objections  to  existing  methods  the  electrolytic  reduction  as 
described  by  Easton  was  trie<l,  but  the  results  were  far  from  satisfactory.  A  dried 
sample  of  sodium  nitrate  chemically  pure,  theoretically  cimtaining  16.47  per  cent  of 
nitrogen,  yielded  fn>m  15.9(5  per  cent  to  16.22  per  cent.  A  sample  of  })otassium  nitrate 
similarly  drie<l  gave  from  13.38  per  cent  to  13.68  per  cent  (theory  13.86  per  cent). 
These  results  agree  fairly  well  with  those  obtained  by  ICaston,  but  are  still  decidedly 
unsatisfactory.  The  li(iui<l  after  reiluction  of  all  the  copper  gave,  iu  most  instances, 
a  decided  reaction  with  brucine,  and  it  was  henire  deemed  advisable  to  increase  the 
proportion  of  copper  sulphate.  Further,  siiu'e  the  odor  of  nitric  acid  was  perceptible 
during  the  progress  of  the  reduction,  particularly  at  the  start,  the  quantity  of  sulphu- 
ric acid  (30  cc,  sj).  gr.  1.062)  was  reduced  to  20  cc.  It  would  seem  that  this  quantity 
might  be  still  further  reduced  without  danger  of  loss  of  ammonia,  or  without  materi- 
ally affecting  the  conductivity  of  the  solution,  since  the  acid  set  free  by  the  deix)m- 
position  of  the  copper  sulphate  continually  replaces  the  {>ortion  combining  with  the 
reduce<l  ammonia. 

Easton  says:  *'In  no  trial  did  the  variation  of  the  current  density  at  the  anotie 
have  any  influence  on  the  amount  of  nitrogen  reduced  to  ammonia."  The  experi- 
ments of  the  writer  have  not  borne  this  out,  but  have  rather  tende<l  to  confinn 
the  statement  of  V'ortmann:  "It  is  advantageous  to  use  a  feeble  current  (1  to  2  cc 
oxyhydrogen  gas  per  minute) ." 

AVith  currents  of  1  ampt^re  or  over,  the  results  were  invariably  low,  the  error 
increasing  with  the  strength  of  the  current,  while  the  employment  of  currents  of  0.3 
ampere  or  leaM,  gave  results  that  were  miiform,  and  approached  theory  very  closely. 
In  the  examples  given  below,  the  following  conditions  were  observed: 

Temperature,  that  of  room; 

Volume  of  solution,  200  to  250  cc; 

0.35  to  0.5  gram  sodium  nitrate; 

1  to  2  grams  copper  sulphate; 

20  cc  sulphuric  acid,  sp.  gr.  1.062; 

Cathodes,  platinum  cylinders,  100  sq.cm  area; 

Current  density,  0.15  to  0.30  ampO re; 

Potential,  2  to  3  volts. 

The  reduction  was  allowed  to  proceed  over  night,  and  the  distillation  and  titration 
were  performed  in  the  usual  manner. 

The  presence  of  spongy  copper  on  the  cathode  seemeil  to  exert  an  influence  rather 
favorable  than  otherwise.  While  it  is  true  that  ]>ortions  of  the  spongy  dejxjsit 
became  detached,  no  effort  was  made  to  remove  them  from  the  li(]ui<1,  whicli  was 
distilled  as  usual. 
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Re»idt«  of  ehdroliflir  iriJnrt'uni  of  itUroijen  in  three  samp/ei*  of  nitrate  of  ,soda. 
r.  V.  NITRATK  OF  SODA,  DRIED  AT  l;iO^\ 

'  .  NUnisren.  |Ainmoiiia.|    ^itlilt™     ! 

I                                  ;  per  fxnt.    |  Per  eciU.    I  Per  rent. 

Sample  1 16.44:           19.96,  99.79    i 

Sample2 \  16.4«  |           '20.02  1  100.01 

I    Samples 16.46,           19.98  99.91    I 


Average..!  16.46  j  19.98,         99.91    i 

_   .L    _     '_     _ 

(COMMERCIAL  SAMPLE  NITRATE  OF  SODA. 
NO.  43496. 


Siimple  1  . 
Sample  2  . 


15.76  I  19.14  16.66 

15.80  I  19.18  I  95.91    I 


Average  . .  15. 78  |  19. 16         a 95. 78 


COMMERCIAL  SAMPLE  NITRATE  OF  SODA, 

NO.  43698.  I 


Samplel 15.88  |  19.28,         96.39 

Sample  2 1  15.84  i  19.22  96.15 

Sample3 15.88  19.2S  96.39 


Avenige..  15.86  I  19.26  ,         96.31 


a  By  method  of  clifferencc,  96.03  \mT  cent  sodium  nitrate. 

Mr.  Hopkins.  1  would  like  to  ask  the  referee  if  either  of  these 
methods  for  the  deteniiination  of  available  nitrogen  has  been  applied 
to  materials  which  are  pretty  well  known  in  practice  to  be  readily 
available  and  to  others  not  equally  available,  such  as  leather  and  dried 
blood,  for  example;  have  comparisons  been  made  with  those  materials? 

Mr.  Morse.  These  comparisons  have  been  made  by  previous 
referees;  and  as  regards  the  effect  on  materials,  the  neutral  method 
was  found  to  agree  with  simultaneous  vegetation  experiments  which 
the  referees  carried  on  and  with  vegetation  experiments  conducted  at 
the  Connecticut  Agricultural  Experiment  Station. 

As  to  the  alkaline  method,  no  one  claims  anything  for  it  except  that 
it  sorts  out  the  poor  nitrogenous  material  from  the  good,  but  vegeta- 
ble nitrogenous  material,  such  as  cotton-seed  meal,  always  gives  low 
results.  Therefore  the  trouble  with  the  alkaline  method  is  that  it  needs 
a  check  on  any  low  result.  It  is  claimed,  however,  by  those  who  are 
using  it  right  along  in  the  routine  work  of  fertilizer  analysis  that  they 
can  rapidly  sort  out  the  good  nitrogen  from  the  bad  and  then  check 
the  bad  with  some  other  method,  so  that  the  better  class  of  the  vege- 
table nitrogenous  material  can  be  distinguished. 

Mr.  Huston.  I  have  noted  with  some  interest  the  comparison  or 
analogy  drawn  between  the  question  of  taking  a  fixed  quantity  of  the 
sample,  an  arbitmry  fixed  quantity,  and  our  practice  in  (connection 
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with  insoluble  phosphoric  acid.  I  suppose  that  quantity  in  connection 
with  insoluble  phosphoric  acid  is  so  fixed  now  in  pi-actice  that  it  will 
be  difficult  and  perhaps  impossible  to  change  it.  Yet,  with  two  or 
three  products  the  method  for  insoluble  phosphoric  acid  is  not  right 
at  all,  simply  because  these  products  contain  from  35  to  50  per  cent 
of  citrate  soluble  phosphoric  acid,  and  the  solvent  power  of  100  cc  of 
the  official  citrate  solution  is  not  great  enough  to  hold  up  that  much 
phosphoric  acid.  I  thought  it  might  be  well  to  mention  in  this  con- 
nection that  you  might  get  into  the  same  sort  of  trouble  if  you  adopt 
for  the  nitrogen  work  a  single  fixed  quantity.  It  seems  to  me  that 
you  will  be  on  the  safe  side  if  you  have  a  somewhat  flexible  quantity, 
and  it  is  easier  to  consider  the  point  now  than  it  will  be  after  you  have 
adopted  a  fixed  quantity. 

The  case  seems  not  unlike  that  of  basic  slag,  in  which  the  free  lime 
in  a  slag  neuti-alizes  a  considerable  quantity  of  citric  acid  before  any 
citric  acid  is  available  for  dissolving  the  phosphate.  So  possibly  some 
of  the  weak  acids,  or  other  organic  matter,  are  really  using  up  the 
permanganate  solution  before  it  gets  a  chance  at  the  nitrogenous  prod- 
ucts, and  just  as  a  definite  quantity  of  citric  acid  is  allowed  for  free 
lime  in  slag  so  allowance  may  be  made  for  this  nonnitrogenous  matter 
irrespective  of  the  nitrogen  contained  in  the  sample. 

Mr.  Morse.  I  tried  to  provide  in  a  measure  for  just  that  point.  As 
Mr.  Huston  has  said,  we  recognize  that  we  have  had  much  difficulty 
with  the  ammonium-citrate  method  and  have  tried  to  obviate  that 
difficulty  in  mixed  fertilizers  and  materials  by  using  a  fixed  amount  of 
nitrogen  in  the  latter  case  and  a  fixed  quantity  of  sample  in  the  former. 

The  President.  The  next  subject  is  the  separation  of  nitrogenous 
bodies. 

Mr.  Van  Slyke.  A  letter  from  Mr.  Harcourt  states  that  owing  to 
illness  and  death  in  his  family  he  has  not  been  able  to  put  his  results 
on  vegetable  proteids  together  for  publication  and  he  suggests  that  he 
be  allowed  to  finish  his  reix)rt,  which  by  the  way  is  a  compilation,  and 
forward  it  later  for  publication.     This  can  be  acted  upon  later. 

The  subject  of  my  own  work  was  the  separation  of  nitrogenous 
bodies  in  dairy  products. 

EEPORT  ON  SEPARATION  OF  NTTEOGENOUS  BODIES  IN  MILK  AND  0HEE8E. 

By  J^.  L.  Van  Slyke,  Referee. 

In  the  referee*  s  report  last  year  the  writer  described,  among  other  methods,  one 
devised  by  Mr.  E.  B.  Hart  and  himself  for  the  determination  of  unsaturated  para- 
casein lactate,  that  is,  paracasein  monolactate,  in  cheese.  Since  in  normal  American 
Cheddar  cheese  we  have  at  the  start  only  paracanein  and  paracasein  monolactate,  the 
separation  of  these  compounds  is  readily  affected  hy  the  method  given;  that  is,  by 
dissolving  the  paracasein  monolactate  in  a  5  per  cent  solution  of  sodium  chlorid. 
Under  ran*  an<l  abnormal  conditions  we  may  possibly  have  a  mixture  of  paracasein, 
paracasein  monolactate,  and  paraca^^ein  dilactate.     Since,  we  have  not  yet  been  corn- 
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pelled  to  face  a  condition  of  this  kind,  no  provision  han  l>een  made  for  such  an 
emergency,  and  at  present  no  satisfactory  method  can  be  given  for  the  separation  of 
paracasein  and  paracas(>in  dilactate. 

Mr.  Hart  and  I  have  been  giving  our  attention  recently  to  the  study  of  the  corre- 
sponding casein  salts,  casein  monolactate  and  caiiein  dilactate,  and  their  formation  in 
the  ordinary  souring  of  milk  has  been  studied.  Some  study  has  been  made  also  of 
the  relation  of  these  compounds  to  the  determination  of  casein  in  milk.  While  this 
work  is  not  yet  completed,  it  is  deemed  desirable  to  report  progress  at  this  time. 

I.  Casein  Monolactate  and  Casein  Dilactate. 

1.  Determination  of  casein  monolactate  in  milk. 

Casein  monolactate  in  milk  coagulates  readily  at  40°  C.  Hence,  in  a  milk  con- 
taining only  casein  and  casein  monolactate,  the  monolactate  can  be  separated  by 
heating  the  milk  to  about  40°  C,  filtering  the  precipitate  found,  washingj  and  deter- 
mining the  nitrogen  in  the  precipitate.  Ten  grams  of  milk  diluted  with  90  cc  of 
water  ]give  good  results. 

^.  Separation  of  casein  monolactate  and  casein  dilactate. 

Casein  dilactate  coagulates  completely  at  40°  C.  and  below.  In  milk  containing 
casein  monolactate  and  dilactate,  heat  10  grams  of  milk  diluted  with  90  cc  of  water 
to  40°  C,  and  these  two  salts  precipitate  and  are  separated  from  the  milk  casein  by 
filtration.  The  washed  precipitate  is  then  treated  with  100  cc  of  a  5  per  cent  solu- 
tion of  sodium  chlorid  and  the  whole  heated  to  55°  C.  with  frequent  agitation  for  two 
hours.  The  process  is  facilitated  somewhat  by  the  presence  of  pure  quartz  sand. 
The  casein  monolactate  goes  into  solution  and  is  separated  from  the  casein  dilactate 
by  filtration  and  washing. 

S.   Separation  and  determination  of  casein;   casein  monolactate  and  casein  dilactate  in 

milk. 

(a)  The  total  amount  of  nitrogen  precipitated  by  acid  is  determined  by  the  official 
method  prescribed  for  determining  casein  in  milk. 

(6)  Heat  10  grams  of  milk  diluted  with  90  cc  of  water  to  40°  C.  for  fifteen  or 
twenty  minutes,  filter  the  precipitate  formed,  and  wash  with  distilled  water.  The 
precipitate  is  then  transferred  to  a  small  Erlenmeyer  flask  provide<l  with  a  stopper, 
treated  with  100  cc  of  a  5  per  cent  solution  of  sodium  chlorid,  and  heated  at  55°  C. 
for  two  hours,  with  frequent  agitation.  The  mixture  is  then  filtered,  the  remaining 
precipitate  washed  with  water,  and  the  nitrogen  determined  in  both  the  precipitate 
and  filtrate.  The  nitrogen  in  the  precipitate  represents  casein  dilactate;  that  in  the 
filtrate,  casein  monolactate.  The  sum  of  these  two  subtracted  from  the  total  nitrogen 
found  by  precipitation  with  acid  gives  the  amount  of  nitrogen  as  casein. 

II.  The  Official  Method  for  D&fermination  of  Casein  in  Cow's  Milk. 

Ten  years  ago,  when  I  first  submitted  to  this  association  the  present  ofi&cial  method 
for  the  determination  of  casein  in  cow's  milk,  the  question  suggested  itself  as  to  what 
the  precipitating  action  of  acid  was  upon  casein  and  whether  there  was  a  chemical 
union  of  acid  and  casein.  In  the  light  of  the  recent  discoveries  referred  to  above, 
this  query  may  now  be  answered.  When  10  grams  of  cow's  milk  is  treated  with 
1.5  cc  of  10  per  cent  acetic  acid,  the  precipitate  formed  is  wholly  casein  diacetate. 
Some  results  of  our  work,  not  yet  completed,  show  that  much  less  acid  than  this  is 
required  to  fonn  the  diacetate.  It  is  probable  that  we  shall  find  it  desirable  to 
reduce  the  amount  of  acetic  acid  used  to  1  cc  or  less. 

In  this  connection  a  fact  to  which  the  writer  called  attention  some  years  ago  can 
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now  Ix^  exi>laintHl.  lii  the  raso  <»f  inont  iiiilkH  it  was  found  that  if  the  filtrat<^  frrnn 
tlie  ac*eti(!  ac'id  precipitate  of  casein  wan  neutralized,  we  obtaineil  more  or  let«s  pn*- 
cipitate,  utjuall y  about  one-tenth  of  1  per  cent  of  ca«ein.  The  suggestion  offered  was 
that  this  neutralization  precipitate  was  due  to  solution  of  the  ciiaein  precipitate  in 
excess  of  acid.  We  now  know  that  this  explanation  is  true,  and  why.  Saturated 
salts  formed  by  casein  an<i  acids  dissolve  quite  easily  in  excess  of  free  acid.  With 
the  interpretation  we  give  of  the  action  of  a^'ids  upon  casein,  there  is  goo<i  rea«)n  to 
believe  that  our  method  can  l)e  so  nio<lified  as  to  avoid  this  error  and  also  avoid  the 
additional  determination  of  a  neutralization  precipitate.  Another  year  we  shall  lie 
able  to  report  the  results  of  a  completed  investigation  in  this  line. 

III.  Relation  of  Casein  Monolactate  and  Casein  Di lactate  to  the  Hess  and 
DooLiTTLE  Method  of  Detecting  "Renovated"  Butter. 

This  test  is  base<l  upon  the  difference  alleged  to  exist  between  the  characteristics  of 
the  curd  derived  from  pure  butter  and  that  derived  from  renovatetl  butter.  Accord- 
ing to  the  statement  of  Hess  and  DooUttle,  **the  curd  from  true  butter  will  have  an 
amorphous,  nongranular  appearance,  while  the  curd  from  * 'process"  butter  has  a 
very  coarse  curdy  appearanc^e.  The  one  is  the  proteid  of  cream;  the  other  is  the  pn>- 
teid  of  milk;  the  one  is  a  gelatinous,  ropy  mass;  the  other  is  a  granular,  easily  divided 
sul)fitance."  In  respect  to  chemical  characteristics,  Hess  and  Doolittle  state  that  the 
fat-free  curd  and  brine  obtained  from  genuine  butter  give  only  a  slight  milkine.<»s 
when  treate<l  with  acetic  acid,  while  the  filtrate  from  "renovated"  butter  gives  an 
abundant  white  precipitate.  Mr.  Patrick  presente<l  an  exhaustive  study  of  this  test 
at  our  meeting  two  years  ago.  He  spoke  of  the  proteid  of  butter  serum  which  coagu- 
lates on  addition  of  acetic  acid  as  "soluble  casein,"  and  found  that  the  test  did  not 
suffice  to  distinguish  between  genuine  butter  and  "  process"  butter. 

Upon  considering  the  process  of  butter  making,  it  is  readily  understood  that  in  the 
course  of  cream  ri|)ening  lactic  acid  is  formed  and  this  unites  with  casein.  If  the 
ripening  is  slight — that  is,  if  only  a  moderate  amount  of  acid  is  develoj)e<l,  only  ca.*H»in 
monolactate  is  forme<l;  if  the  cream  is  allowed  to  become  sourer,  a  mixture  of  itasein 
monolactate  and  dilactate  or  only  di  lactate  is  formed.  Supjiose  only  casein  mono- 
lactate is  forme<i,  then  the  curd  in  the  butter  is  casein  monolactate.  When  such  butter 
is  melted  the  salt  dissolves  and  with  the  casein  monolactate  falls  to  the  lx)ttom  of  the 
vessel.  The  salt  brine  dissolves  the  casein  monolactate,  which  readily  precipitates 
on  addition  of  acetic  acid.  Moreover,  the  description  of  cunl  given  by  Hess  an<i 
Doolittle  as  a  gelatinous,  ropy  mass  applies  exactly  to  the  brine-dissolve<l  casein 
monolactate.  What  they  descriln*  as  a  "granular,  easily  divided  substance,"  is  very 
clearly  ca^^ein  dilactate.  It  should  be  state<l  that  freijuently,  even  when  the  ca-nein 
in  butter  is  present  as  dilactate,  the  curd  8us|x?nde<l  in  the  brine  appears  to  lx»  in  a 
very  finely  <livided  condition,  caused  undoubtedly  by  the  agitation  produce<l  in 
churning.  Another  pcnnt  is  that  casein  dilactate  appears  to  l>e  somew^hat  soluble  in 
salt  brine  of  a  concentration  such  as  we  find  in  the  serum  of  salte<l  butter.  Under 
these  circumstances,  if  the  butter  serum  is  filtered  the  filtrate  usually  will  give  a 
precipitate  on  the  addition  of  acetic  acid. 

Another  point  of  interest  state<l  by  Mr.  Patrick  is  the  gradual  disappearance  of 
"soluble  casein"  in  butter.  In  other  words,  fresh  butter  (H)ntaining  only  casein 
monolactate  may  form  enough  acid  from  the  occluded  milk  sugar  to  convert  the 
casein  monolactate  into  ca.*»ein  dilactate.  Prolonged  action  of  salt  on  the  proteid  of 
the  butter  in  many  instances  may  also  account  for  the  presence  of  coarser  jwrticlee 
of  curd  in  older  butters. 

It  can  therefore  readily  be  seen,  in  the  light  of  the  existence  of  two  such  com- 
pounds as  (tasein  monolactate  and  casein  dilactate,  that  it  is  a  mere  question  of  the 
amount  of  acid  forme<l  in  the  ri|)t»ning  of  cream  or  milk  as  to  whether  <me  set  of  char- 
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acteristics  or  another  will  be  present.  We  («n  make  genuine  butter  that  will 
respond  to  the  Hess  and  Doolittle  test  for  '*  process"  butter,  or  vice  versa.  More- 
over, where  a  fresh,  genuine  butter  responds  to  the  test  for  pure  butter,  the  same 
butter,  if  kept  some  weeks,  responds  to  the  test  for  a  **  process  "  butter.  Such  a  test 
must  be  regarded  as  unreliable,  and  there  does  not  at  present  seem  to  be  much  hope 
of  finding  a  method  of  distinguishing  between  genuine  butter  and  **  process  "  butter 
on  the  principle  proposed  by  the  Hess  and  Doolittle  test.' 

RbCv'OMMBNDATIONS. 

Your  referee  suggests  the  following  recommendations: 

1.  That  the  method  given  for  the  separation  and  determination  of  casein  mono- 
lactate  and  casein  dilactat«  be  adopted  as  a  provisional  meth<Kl. 

2.  That  Mr.  Harcourt's  report  on  vegetable  proteids  be  included  in  the  printed 
proceedings. 

EEPORT  ON  THE  SEPAEATION  OF  VEGETABLE  PEOTEIDS. 
By  R.  Harcourt,  Ataociate  Referee. 

Your  referee  found  it  impossible  to  do  any  extended  investigation  work  on  the 
separation  of  the  vegetable  proteid  bo<lies  and  has-  confined  his  attention  more  to 
reviewing  the  literature  on  this  subject.  This  report  is,  therefore,  largely  a  compila^ 
tion  of  the  results  obtained  by  those  who  have  given  this  matter  particular  study. 
Many  quotations  are  from  the  findings  of  Osborne  and  his  coworkers. 

Under  the  generic  name  of  proteids  are  classed  a  number  of  highly  complex 
compounds.  As  a  class  they  are  yrhite  or  yellowish  nonvolatile  solids,  usually, 
but  not  invariably,  amorphous.  They  are  unchangeable  in  the  dry  condition,  but 
putrify  readily  when  moist  or  in  solution.  Some  of  the  proteids  are  soluble  in  water, 
others  in  neutral  salt  solutions,  and.  some  in  alcohol,  while  they  api^ear  to  be  invari- 
ably insoluble  in  ether,  chloroform,  and  carbon  disulphid.  They  are  mostly  precipi- 
tated from  their  solutions  by  a  great  number  of  reagents,  including  certain  salts  of 
the  light  metals,  salts  and  hydroxids  of  the  heavy  metals,  mineral  acids,  certain 
organic  acids,  etc.  According  to  Osborne, «  the  proteids  are  basic  bodies  and  enter 
into  some  reactions  with  acids,  with  which  they  form  true  salts.  They  are  decomposed 
by  treatment  with  strong  mineral  acids,  ammonia,  leucin,  tyrosin,  and  various 
other  bodies  being  products  of  the  decomposition.  The  amid  compounds,  of  which 
asparagin  and  leuctn  are  types,  coexist  in  the  plant  with  the  higher  proteids,  and  are 
probably  intermediate  compounds  in  the  formation  of  the  proteids.  They  occur  in 
all  living  matter,  being  essential  constituents  of  the  protoplasm. 

The  various  proteids  differ  somewhat  in  elementary  composition.  Hoppe-Seyler  * 
gives  the  following  limits: 

LimiOt  in  composition  of  proteiih  {Hoppe-Seyler). 


Data. 


Minimum . . 
Maximum. 


I  Carbon. 

Percent. 

I  51.. "S 


Hydro- 
Ken. 

Prrcent. 
6.9 
7.3 


Nitrogen, 


Per  cent. 
15.2 
17.0 


Sulphur.   Oxygen. 


I 


Per  cent.  \  Per  cent. 
0.3  I  20.9 

2.0  1  23.5 


Osborne's  analyses  of  at  least  two  globulins,  legmnin,  and  edestin,  indicate  that 
the  limit  for  nitrogen  is  not  wide  enough,  for  both  these  substances  contained  over 
18  per  cent  of  nitrogen. 

While  the  proteids  do  not  vary  widely  in  composition,  there  is  suflicient  <liffer- 
ence  in  their  general  properties  to  allow  them  to  be  arranged  in  groups. 

a  J.  Amer.  Chem.  Soc.,  24:  76. 

«>  Watt's  Dictionary  of  Chemistry,  4 :  327.  ed  by  dOOglC 
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(a)  Vegetable  albumens  have  been  found  in  the  cereal  grains.  They  are  soluble  in 
water,  and  coagulate  at  70°.  Sodium  ehlorid,  magnesium  sulphate,  and  acetic  acid 
iail  to  precipitate  them  from  their  solutions. 

(6)  Vegetable  globulins  appear  to  be  of  very  wide  occurrence.  They  form  the 
greater  part  of  the  proteids  of  the  grains  of  the  legumes  and  are  found  in  smaller 
quantities  in  the  cereal.  They  are  insoluble  in  pure  water  and  soluble  in  sodium 
chlorid  solutions,  from  which  they  are  precipitated  by  separating  the  salt  from  their 
solutions  by  dialysis.  Coagulation  takes  place  when  their  solutions  are  heated  to 
SS**  to  75«. 

(c)  Vegetable  albuminates.  It  is  now  thought  that  the  albuminates  do  not  exist  as 
such  in  plants,  but  that  they  are  produced  by  the  action  of  the  reagents  employed 
in  the  separation  of  the  albumens  and  globulins.  The  researches  of  Hoppe-Seyler, 
Vines,  Green,  Martin,  Osborne,  and  others  have  shown  that  the  legumin  and  con- 
glutin  separated  by  Braconnot  and  Ritthausen  are  not  albuminates,  but  true  globu- 
lins. Osborne  and  Campbell «  have  shown  that  minute  quantities  of  acid  materially 
affect  the  solubility  of  globulins  in  salt  solutions. 

{d)  Vegetable  proteoses  are  found  in  the  aleurone  grains.  These  substances  are 
intermediate  in  the  formation  of  peptones  from  the  higher  proteids.  They  differ 
very  slightly  from  the  peptones,  being,  like  them,  soluble  and  slightly  diffusible. 

(e)  Vegetable  peptones,— True  peptones  apparently  do  not  exist  as  such  in  the  plant 
except  transiently.  They  are  probably  formed  by  the  action  of  ferments  upon  the 
proteids,  and  as  peptones  are  very  soluble  in  water  and  diffusible,  they  may  thus 
pass  to  the  growing  portion  of  the  organism. 

(/)  Insoluble  vegetable  proteids  have  an  undoubted  existence,  in  the  sense  that  they 
can  not  be  dissolved  out  of  the  vegetable  tissues  by  solvents  not  acting  chemically  on 
them;  but  it  is  probable  that  such  insoluble  proteids  do  not  preexist  in  the  plant,  but 
are  pnxiuced  by  the  action  of  ferments  similar  to  those  which  occasion  the  coagula- 
tion of  blood  and  milk.  ^'The  most  important  number  of  the  group  is  gluten,  a 
tenacious,  tasteless,  brownish-gray  substance.  It  consists  of  two  substances,  one  sol- 
uble in  alcohol,  which  has  been  called  *gliadin'  and  another  portion  insoluble  in 
alcohol,  but  soluble  in  weak  alkali,  called  'glutenin' ".&  In  contradiction  to  this 
Osborne  <*  states:  *'No  ferment  action  occurs  in  the  formation  of  gluten,  for  its  con- 
stituents are  found  in  the  flour  having  the  same  properties  and  composition  as  in  the 
gluten." 

A  vast  amount  of  work  has  been  done  on  the  separation  of  these  various  classes 
and  of  individual  proteid  sul>stances.  Newer  and  more  delicate  methods  of  analy- 
sis have  greatly  aided  this  work  and  have  exposed  many  of  the  errors  of  the  earlier 
investigations.  In  this  report  I  will  not  dwell  on  the  conclusions  of  the  earlier 
investigators,  but  shall  seek  to  give  the  results  of  the  latest  work  on  some  of  the 
more  important  food  products. 

Proteids  op  Wheat. 

Leibig,  Boussingault,  Dumas,  De  Saussure,  and  many  others  have  worked  on  the 
proteids  of  wheat.  The  latest  and  most  complete  work  is  reported  by  Osborne  and 
Voorhees.fi'  According  to  these  investigators  there  are  five  proteids  in  wheat.  The 
following  is  their  summing  up  of  the  investigations  of  the  wheat  kernel: 

The  proteids  contained  in  the  wheat  kernel  are: 

I.  A  globulin  belonging  to  the  class  of  vegetable  vitellins,  soluble  in  saline  solu- 
tions, precipitate<l  therefrom  by  dilution  and  also  saturation  with  magnesium  sul- 
phate or  ammonia  sulphate,  but  not  by  saturation  with  sodium  chlorid.  Partly 
precipitated  by  boiling,  but  not  coagulate  at  temperatures  Inflow  100®.     The  wheat 
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kernel  contains  between  0.6  and  0.7  per  cent  of  this  globulin.     When  dried  at  110" 
its  composition  was  found  to  be  as  foUows: 

Wheat  globulin. 

Per  cent. 

Carbon 61.03 

Hydrogen 6. 85 

Nitrogen 18. 39 

Sulphur 69 

Oxygen 23. 04 

100.00 

II.  An  albumin,  coagulating  at  52°,  which  differs  from  animal  albumin  in  being 
precipitated  on  saturatmg  its  solutions  with  sodium  chlorid  or  with  magnesium  sul- 
phate, but  not  precipitated  on  completely  removing  salts  by  dialysis  in  distilled 
water.  It  was  found  to  form  between  0.3  and  0.4  per  cent  of  the  wheat  kernel,  and 
to  have  the  following  composition  when  separated  from  solution  in  the  coagulated 
form  by  heating  to  60°  C. : 

Wheat  albumin. 

Per  cent 

Carbon 53. 02 

Hvdrogen 6. 84 

Nitrogen 16. 80 

Sulphur 1. 28 

Oxygen 22.06 

100. 00 

III.  A  proteose,  precipitated  (after  remo^Hng  the  globulin  by  dialysis  and  the 
albumin  by  coagulation)  by  saturating  the  solution  with  sodium  chlorid,  or  by  add- 
ing 20  per  cent  of  sodium  chlorid  and  acidifying  with  acetic  acid.  This  lx)dy  was  not 
analysed  in  its  unaltered  form.  On  concentrating  its  solutions  by  boiling,  a  coagulum 
was  gradually  developed  which  formed  about  0.3  per  cent  of  the  wheat  kernel  and 
had  the  following  composition: 

Coagulum. 

Per  cent. 

Carbon 51 .  86 

"  Hydrogen 6.82 

Nitrogen 17.32 

Sulphurl  24.00 

Oxygen/  

100.00 

The  solution  filtered  from  the  substance  just  described  still  contained  a  proteose- 
like  body  which  was  not  obtainable  in  a  pure  state.  Its  amount  could  only  be  roughly 
estimated  by  precipitating  the  concentrated  filtrate  from  the  preceding  substance 
with  alcohol  and  multiplying  the  nitrogen  contained  in  the  precipitate  by  6.25.  The 
amount  of  this  proteose  was  from  0.2  to  0.4  per  cent  of  the  seed.  Both  these  sub- 
stances are  unquestionably  derivatives  of  some  other  proteid  in  the  seed,  presumably 
the  proteose  first  mentioned. 

IV.  Gliadin,  soluble  in  dilute  alcohol  and  forming  about  4.25  per  cent  of  the  seed. 
It  has  the  following  composition: 

Gliadin. 

Per  cent. 

Carbon 52.72 

Hydrogen ..  6.86 

Nitrogen 17.66 

Sulphur L 14 

Oxygen 21.62 

100.00 

This  is  the  proteid  called  gliadin  by  Taddei  and  plant  gelatin  by  Dumas  and 
Cahours.  Mixed  with  impurities  or  altered  to  a  greater  or  less  extent  by  the  pro- 
cess ot  separation,  it  has  been  described  by  Ritthausen  under  the  name  of  gluten 
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fibrin,  plant  prelatin,  or  ^rliadin,  and  miioe<lin,  an<l  by  Martin  hai?  been  terme<l  insol- 
uble phytalbuniot?e.  The  mucin  of  Berzelius  and  of  *I)e  Sauspure  were  impure  prepa- 
rations consisting  chiefly  of  this  proteid.  It  is  sohiblcMU  distilled  water  to  oi>alcs- 
cent  solutionH  which  are  precii>itated  by  adding  a  little  so<linm  chlorid.  It  is  com- 
pletely in8<)lu>)le  in  abs<^>lute  alcohol,  but  slightly  soluble  in  iK)  jK^r  cent  alcohol,  and 
very  soluble  in  70  to  80  per  cent  alcohol  and  isprecipitated  from  these  solutions  on 
adcfing  either  nuich  water  or  strong  alcohol,  esj)ecially  in  the  presence  of  much  salts; 
soluble  in  very  dilute  acids  and  alkalies,  and  precipitated  from  these  solutions  by 
neutralization,  unchangecl  in  pro|)ertie8  and  com|K>sition.  This  protei<l  is  one  on 
which  the  formation  of  gluten  largely  depends. 

V.  Glutenin,  a  proteid  insolul)le  in  water,  saline  solutions  and  dilute  alcohol, 
which  forms  the  remainder  of  the  protei<ls  of  the  wheat  kernel.  gt»nerally  about  4  to 
4.5  per  cent  of  the  st»ed.  This  sul)st4ince  is  soluble  in  dilute  aci<l8  ami  alkalii^  and 
is  pre(!ipitate<l  fron'i  such  solutions  by  neutralization.  Dissolved  in  0.2  per  ivnt 
potash  water,  precipitated  by  neutralization  and,  after  thorough  extraction  with 
alcohol  and  either,  again  dis.«oIve<l  in  ]>otash  water,  the  solution  filten*<l  clear,  pre- 
cipitated by  neutralization  and  dried  at  110°,  it  has  the  following  composition: 

GhUetiin. 

Per  cenL 

Carbon 52.34 

Hvdn)gen 6.83 

Nftrogen 17*49 

Sulphur 1.08 

Oxygen 22.26 

100.00 

I^nless  prepared  as  above  descril>ed,tbe  impurities  are  not  removed  and  the  analy- 
ses are  diwM)rdant.  This  proteid  was  first  descril)ed  by  Taddei  under  the  name  of 
zymon.  Liebig  at*  well  as  Dumas  and  Cahours  nameil  it  plant  fibrin.  Ritthausen 
called  it  gluten  casein,  Wevl  and  Hischoff  considered  it  to  f)e  an  albuminate  fonn  of 
a  myosin-like  glo])ulin.  Martin  named  it  gluten  fibrin  and  likewise  considered  it  to 
be  an  albuminate  form  of  a  myosin-like  glolmlin. 

VI.  Wheat  gluten  is  compose<l  of  giiadin  and  glutenin.  Roth  these  proteids  are 
necessary  for  its  formation.  The  giiadin  with  water  forms  a  stickv  medium,  which 
by  the  presence  of  salts  is  prevented  from  becoming  wholly  soluble.  This  ine<lium 
bmds  together  the  particles  of  flour,  rendering  the  dough  ami  gluten  tough  and 
coherent.  The  glutenin  imparts  solidity  to  the  gluten,  evidently  forming  a  micleiis 
to  which  the  giiadin  adheres  and  from  which  it  is  conse<piently  not  washcnl  away  by 
water,  (iliadin  and  starch  mixed  in  the  proj>ortion  of  1:10  form  a  dough,  but  yield 
no  gluten,  the  giiadin  being  washe<l  awav  with  the  starch.  The  flour  freed  from 
giiadin  gives  no  gluten,  there  l^Mng  no  binding  material  to  hold  the  particles  together 
so  that  they  may  l)e  brought  into  a  coherent  mass. 

Soluble  salts  are  also  necessary  in  forming  gluten,  as  in  distilled  water  giiadin  l** 
readily  soluble.  In  water  containing  salts  it  forms  a  very  vis<'id,  semifluid  mass, 
which  has  great  power  to  bind  together  the  particles  of  flour.  The  mineral  constit- 
uenb«  of  the  swdsaresuflicient  to  accomplish  this  pur|)«)se,  for  gluten  can  l)e  obtainini 
by  washing  a  dough  with  distilled  water. 

VII.  No  ferment  action  occurs  in  the  formation  of  gluten;  for  its  constituents  are 
found  in  the  flour,  having  the  same  properties  and  composition  as  in  the  gluten,  even 
under  those  conditions  which  would  l>e  supposed  completely  to  remove  anteiMMlent 
proteids  or  to  prevent  ferment  action.  All  the  phenomena  which  have  lx»en  attril>- 
ute<l  to  ferment  action  are  explained  by  the  properties  of  the  proteids  themselves 
as  they  exist  in  the  seed  and  in  the  gluten. 

Proteids  of  Rye. 

The  proteids  of  this  seed  have  not  bt»en  as  exhaustively  studie<l  as  those  of  the 
wheat.  Einhof,  Heldt,  Ritthausen,  and  Von  Bibm  succee<le<l  in  se{>arating  protei<ls 
similar  to  the  giiadin  an<l  glutenin  of  wheat.  Venleil"  claimed  to  have  washetl 
gluten  out  of  rye  flour,  but  did  not  consider  it  pure  because  it  was  contained  with  a 
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substance  soluble  in  alcohol.    The  following  are  the  conclusions  arrived  at  by  Osbonie 
after  his  study  of  the  rye  kernel :« 

Owing  to  the  gum  already  mentioned  the  filtration  and  treatment  of  the  rye  extracts 
was  difficult  and  prolonged  and  the  amounts  of  globulin,  albumin,  and  proteose  could 
not  be  determined  separately,  as  in  the  case  of  wheat.  The  rye  flour  contained  1.52 
per  cent  of  nitrogen.  If  we  assume  that  the  proteids  of  rye  contain  on  the  average 
17.6  per  cent  of  nitrogen,  as  was  very  nearly  tne  case  with  those  of  wheat,  and  that 
all  the  nitrogen  exists  in  proteid  form,  this  sample  of  flour  would  contain  8.63  per 
cent  of  proteid.  We  have,  therefore,  2.44  per  cent  of  insoluble  proteid  and  6.19 
per  cent  soluble  in  salt  solution  and  alcohol. 

We  have  already  shown  that  the  alcohol-soluble  gliadin  amounted  to  4  per  cent 
of  the  flour  and  the  leucosin  to  0.43  per  cent.  There  thus  remains  1.76  per  cent  to  be 
divided  between  edestin  and  proteoses. 

Per  cent. 

Insoluble  in  salt  solution 2. 44 

Gliadin,  soluble  in  alcohol 4,00 

leucosin,  soluble  in  water 0.43 

Edestin  and  proteose,  soluble  in  salt  solution . 1.76 

8.63 
Proteids  op  Barlbt. 

Even  less  attention  has  been  paid  to  the  study  of  the  proteids  of  barley  than  to 
those  of  rye.  The  conclusions  reached  by  Osborne  after  an  exhaustive  study  of  the 
proteids  of  barley  are  as  follows:* 

The  barley  kernel  contains — 

I.  Leucosin  coagulating  at  52°,  which  is  the  same  as  the  albumin  found  in  the 
wheat  and  rye  kernels.     Its  composition,  as  shown  by  the  average  of  six  analyses,  is: 

Per  cent. 

Carbon 52.81 

Hvdrogen 6.78 

Nftrogen 16.62 

Sulphur 1.47 

Oxygen 22.32 

100.00 
This  substance  forms  about  0.3  per  cent  of  the  seed. 

II.  A  small  quantity  of  proteose,  the  reactions  and  composition  of  which  could  not 
be  definitely  ascertained. 

III.  Edestin,  a  globulin  which  is  the  same  as  that  found  in  the  wheat  and  rye 
kernels  and  in  a  large  number  of  other  seeds.  Its  composition  is  approximately 
shown  by  the  figures  given  below.  Owing  to  the  small  amount  of  this  body  and  the 
difficulty  in  preparing  it,  no  perfectly  pure  preparations  were  obtained. 

Per  cent. 

Carbon 50.88 

Hydrogen 6. 65 

Nitrogen 18.10 

Sulphurl  «.  oy 

Oxygen/ ^'^^ 

100.00 

This  is  the  proteid  commonlv  known  as  vegetable  vitellin.  It  is  precipitated  from 
saline  solutions  by  dilution  and  by  dialysis,  is  not  coagulated  by  heating  below  90°, 
and  above  that  temperature  only  partially.  It  is  not  precipitated  by  saturating  its 
solution  with  sodium  chlorid,  but  is  thrown  down  from  sahne  solutions  by  adding 
acid. 

IV.  Hordein,  a  proteid  insoluble  in  saline  solutions,  very  slightljr  soluble  in  pure 
water,  and  extremely  soluble  in  alcohol  of  about  75  per  cent.     This  is  barley  proteid 
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describeil  by  Ritthausen  as  inucetlin.  It  has  almost  the  same  physical  and  chemical 
properties  as  gliadin  obtained  from  wheat  and  rye  kernels  but  a  different  composi- 
tion. 

Per  cent. 

Carbon 54.29 

Hydrogen 6.80 

Nitrogen 17.21 

Sulphur 83 

Oxygen 20.87 

100.00 

About  4  per  cent  of  the  seed  consista  of  this  substance. 

V.  After  extracting  the  barley  flour  with  salt  solution  and  with  alcohol  the  residue 
still  contained  42  per  centof  the  total  nitrogen,  corresponding  to  proteid  matter  equal 
to  about  4.5  per  cent  of  the  flour.  It  was  not  possible  to  extract  more  than  a  very 
small  amount  of  this  residual  proteid  with  dilute  potash  water,  as  the  treatment  for 
removal  of  the  other  proteids  rendered  it  soluble,  if  it  were  not  so  already. 

VI.  The  barley  flour  contained  1.83  per  cent  of  nitrogen,  and  if  it  be  assumed  that 
this  all  belonged  to  proteid  matter  with  17  per  cent  of  nitrogen,  the  flour  would  con- 
tain 10.75  per  cent  of  proteids.  The  barley  accordingly  contained  about  4.5  percent 
of  insoluble  proteid,  4  per  cent  of  hordein  soluble  in  dilute  alcohol,  0.3  per  cent  of 
albumin,  and  1.95  per  cent  of  globulin  and  proteose. 

The  Proteids  of  the  Pea,  Lentil,  Horse  Bean,  and  Vbtch* 

The  proteids  of  the  leguminous  seeds  appear  to  be  very  much  alike  in  their  reac- 
tions and  properties,  though  differing  widely  in  the  quantity  of  the  various  proteids 
found  in  the  grains  of  this  interesting  group.  Osborne  and  Campbell  have  summed 
up  their  properties  as  follows:" 

LEGUHIN. 

Legumin  forms  the  chief  proteid  constituent  obtainable  from  the  vetch,  pea,  lentil, 
and  horse  bean.  In  the  first-named  seed  about  10  per  cent  of  the  meal  was  found  to 
consist  of  legumin;  in  the  three  other  seeds  this  proteid  is  associate<l  with  vicilin, 
from  which  we  have  no  method  for  its  quantitative  separation.  From  the  pea  about 
10  per  cent,  from  the  lentil  13  per  cent,  and  from  the  horse  bean  about  17  per  cent 
of  these  mixed  proteids  were  obtained.  The  lentil  contains  the  least  proportion  of 
legumin,  which  seems  to  form  about  two-thirds  of  the  mixed  proteids,  while  the 
horse  bean  contains  the  greatest,  as  in  this  seed  vicilin  is  present  in  relatively  small 
amount. 

Ivmimin  is  a  globulin,  for  it  dissolves  readily  in  saline  solutions,  and  is  preci|> 
itated  therefrom  either  by  dialysis,  dilution,  or  cooling.  By  dialysis  or  by  cooling  it 
separates  in  the  form  of  spheroids  which,  after  settling  from  the  solution,  unite  to 
form  a  plastic  mass.  By  diluting  its  concentrated  solutions  the  legumin  separates  as 
a  viscid,  translucent  fluid.  This  fluid,  when  treated  with  water,  becomes  opaque  and 
solid,  so  that  the  legumin  can  be  converted  into  a  coarse  meal  by  rubbms  with  a 
glass  nxi  under  water.  Conglutin  from  lupin  seeds  and  amandin  from  Smonds 
behave  similarly,  as  do  gliadin  of  wheat  and  r^e  and  hordein  of  barley,  when  pre- 
cipitated from  alcoholic  solutions  by  dilution  with  water. 

Solutions  containing  more  than  2  per  ci'ut  of  sodium  chlorid  dissolve  legumin 
abundantly;  those  containing  less  salt  have  a  solvent  power  rapidly  decreasing  with 
the  diminishing  salt  content,  so  that  a  1  per  cent  salt  solution  dissolves  very  little. 
Saturation  with  sodium  chlorid  or  magnesium  sulphate  does  not  precipitate  legumin 
from  ib*  solution  in  brine,  but  saturation  with  so<uum  sulphate  at  34°  precipitates  it 
almost  completely. 

In  pure  water  legumin  is  entirely  insoluble,  but  if  the  solution  from  which  the 
legumin  is  precipitated  contains  acid,  this  may  combine  with  the  legumin,  and  the 
resulting  preparation,  like  other  acid  globulins,  will  then  dissolve  in  pure  water. 

If  seeds  containing  legumin  are  extracte<l  with  water,  more  or  less  of  the  legti- 
min  is  dissolved — from  the  pea  alx)ut  4  per  cent,  from  the  vetch  2.5  per  cent,  (roni 
the  lentil  10  per  cent,  and  from  the  horse  bean  16  per  cent.  The  legumin  thus  dij<- 
solved  is  lai^ly  precipitate* I  by  dialysis  in  water,  by  the  addition  of  acids  and  l)y 
lime  salts  and  very  slightly  by  great  dilution  with  water.     These  aqueous  extracts 
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react  strongly  acid  with  litmoB;  and  alkaline  with  lacmoid,  a  behavior  doubt  less  due 
to  acid  potasaum  phoephates,  together  with  organic  acids  or  acid  salts  for  acids  com- 
bined with  proteins  do  not  react  with  lacmoid,  although  they  readily  turn  blue  litmus 
red.  Solutions  which  we  have  made  of  legumin  from  various  seeds,  as  well  as 
of  edestin  from  hemp  seeds,  by  dissolving  the  proteid  in  monohydrogen  potassium 
phosphate,  have  shown  us  all  the  reactions  of  these  aqueous  extracts  excepting  one 
presented  by  the  horse  bean,  the  unneutralized  water  extracts  of  which  are  precipi- 
tated with  pure  sodium  chlorid.  This  reaction  we  can  not  explain ;  for  these  extracts 
give  with  dilute  acids  precipitates  soluble  in  salt  solutions  and  no  precipitates  on 
neutralization,  reactions  which  seem  to  exclude  the  presence  of  acid  globulin. 

Solutions  of  legumin  or  of  edestin  in  monohydrogen  potassium  phosphate  behave 
more  like  solutions  in  dilute  alkali  carbonates  than  like  solutions  in  neutral  salts;  for 
they  give  precipitates  with  dilute  acids  which  are  soluble  in  more  acid  or  in  salt  solu- 
tions and  are  not  precipitated  by  dilution  unless  very  little  phosphate  is  present.  If 
phosphoric  acid  is  added  to  the  potassium  phosphate  solution,  tne  solvent  power  of 
the  phosphate  is  diminished  ana  the  facility  with  which  the  proteid  is  precipitated 
by  dilution  is  increased;  but  if  only  little  acid  is  added,  yet  enough  to  give  a  decided 
reaction  with  litmus,  considerable  quantities  of  the  globulins  are  still  dissolved  and 
the  reactions  of  solutions  so  made  closely  resemble  tnose  of  the  aqueous  extracts  of 
these  seeds.  As  a  result  of  numerous  comparisons  of  the  reactions  of  solutions  so 
prepared  with  those  of  the  aqueous  extracts  of  luminous  seeds,  we  believe  that  the 
extraction  of  legumin  by  water  from  these  seeds  is  due  to  the  presence  of  acid  potas- 
sium salts  of  phosphoric  and  or^nic  acids,  and  that  in  consequence  of  the  varying 
proportions  of  these  substances  m  the  different  kinds  of  seeds,  different  amounts  of 
legumin  are  thus  extracted  from  them.  As  the  proportion  of  phosphoric  acid  to  pot- 
ash in  these  luminous  seeds  is  much  smaller  than  in  most  of  the  other  seeds  which 
we  have  examined,  the  character  of  the  salts  present  may  fairly  be  supposed  to  differ, 
and  consequently  the  solubility  of  the  proteids  would  also  diner  when  the  seeds  are 
extracted  with  water.  Thus  in  lupin  seeds  the  amount  of  phosphoric  acid,  1.4  per 
cent,  exceeds  that  of  the  potash,  1.1  per  cent,  and  from  tnem  water  extracts  but 
little  proteid.  Liebig  and  Ritthausen  attribute<l  the  solubility  of  legumin  to  basic 
I)ho8phates,  and  the  Tatter  undertook  extensive  experiments  to  show  the  presence  of 
an  excess  of  potash  in  the  aqueous  extracts;  but  such  a  supposition  appears  to  over- 
look the  fact  that  the  aqueous  extracts  of  these  seeds  are  decide<ily  acid  toward  litmus. 

Dissolved  in  dilute  sodium  chlorid  solution,  legumin  is  precipitated  by  a  little  acetic 
acid,  the  precipitate  being  soluble  in  an  excens  of  sodium  chlorid.  The  solubility  of 
precipitates  so  produced  depends  on  the  relative  proportions  of  salt  and  acid. 

Le^min  extracted  without  neutralizing  the  natural  acid  of  the  seed  precdpitated 
by  dialysis,  either  directly  or  after  precipitation  with  ammonium  sulphate,  is  usually 
converted  to  a  large  extent  into  insoluble  * 'albuminate." 

This  ''albuminate"  differs  from  the  similar  insoluble  products  obtained  from  most 
other  globulins;  for  when  treated  with  salt  solution  it  becomes  gelatinous,  can  not  be 
Altered,  and,  on  washing  with  water,  shrinks,  becomes  opaque,  and  finally  granular, 
so  that  it  can  be  very  r^ily  washed  on  a  filter.  This  substance  appears  to  become 
hydrated  by  salt  solution  and  dehydrated  by  pure  water. 

If  the  acid  of  the  seed  is  previously  neutralized,  the  globulin  extracted  by  salt  solu- 
tion yields  very  little  if  any  insoluble  "albuminate,"  which  indicates  that  the  latter  is 
a  product  of  the  action  of  the  acid  of  the  seed.  This  fact  is  in  harmony  with  experi- 
ments described  in  a  former  paper  of  ours  on  the  action  of  minute  Quantities  of  acid 
on  globulins.  In  very  dilute  acids,  and  alkalies  in  absence  of  salts,  legumin  dissolves 
readily  and  abundantly,  from  which  solutions,  if  at  once  neutralized,  it  is  precipitated 
in  a  form  soluble  in  sodium  chlorid  solution.  By  this  treatment  no  evidence  of 
change  has  been  detected.  Solutions  made  with  hydrochloric  acid  are  precipitated 
by  a  small  excess  of  acid,  but  those  made  with  acetic  acid  are  not  precipitated  by  any 
excess  of  acid. 

Solutions  of  le|^min  in  10  per  cent  sodium-chlorid  brine  are  not  rendered  turbid 
by  long  heating  in  a  boiling  water  bath. 

Dissolved  in  10  per  cent  sodium-chlorid  brine,  legumin  is  precipitated  by  a  very 
little  hydrochloric  acid,  but  a  relatively  considerable  amount  of  acetic  acid  is  required 
to  nroduce  a  precipitate  in  such  solutions. 

Sodium-chlorid  solutions  of  legumin  give  larse  precipitates  with  tannic  acid,  as 
well  as  with  picric  acid,  those  formed  by  the  latter  dissolving  in  an  excess  of  salt 
solution  if  too  much  picric  acid  had  not  been  previously  added.  With  mercuric 
chlorid  no  pre<*ipitate  is  produced. 

With  nitric  acid,  Milton's  and  Adamkiewicz's  tests,  proteid  reactions  are  obtained. 
With  the  biuret  test  a  violet  color  is  given,  which  on  standing  becomes  a  deep  rose- 
red  like  that  given  by  peptones. 
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Legumin  has  been  supposed  by  some  investigators  to  contain  phosphorus,  and 
therefore  to  belong  with  the  nucleo-proteids.  A  careful  testing  of  thoroughly 
purified  samples,  by  fusing  with  caustic  soda  and  nitrate,  and  treating  the  solution 
of  the  fusion  acidifiea  with  nitric  acid  with  ammonium  molybdate,  snowed  that  in 
some  of  the  preparations  only  just  detectable  traces  of  phosphorus  were  present, 
while  other  preparations  contained  none  whatever. 

Although  we  have  examined  large  numbers  of  our  preparations  of  the  different 
plant  proteids  for  phosphorus,  we  have  as  yet  found  none  which  in  carefully  purified 
samples  contained  more  than  a  few  hundredths  of  a  per  cent,  a  quantity*  so  small 
that  it  is  reasonable  to  consider  it  as  a  constituent  of  the  ever-present  ash. 

The  composition  of  le^min  is  shown  by  the  following  figures,  which  are  averages 
of  a  number  of  preparations  from  each  of  the  different  seeos: 

Leffumhi. 


Constituents. 


Lentil. 


Hone 
bean. 


Vetch. 


Average. 


Carbon 

Hydrogen . . 
Nitrogen  . . . 
Sulphur.... 
Oxygen  — 

Total. 


51.74 

6.90 

18.04 

.42 

22.90 


61.73 

6.89 

18.06 

.42 

22.92 


51.72 

7.01 

18.06 

.39 

22.82 


51.69 

6.99 

18.02 

.43 

22.87 


61.72 

6.95 

18.04 

.41 

22.88 


100.00 


100.00 


100.00 


100.00 


100.00 


Vicilin  is  a  globulin  associated  with  legumin  in  the  i)ea,  lentil,  and  horse  bean. 
But  as  we  have  no  means  of  separating  vicilin  and  legumin  quantitatively,  we  can 
state  nothing  respecting  the  amount  in  which  it  occurs  in  these  seeds  further  than 
that  the  lentil  contains  the  most  and  the  horse  bean  the  least.  In  the  lentil  it  prol)- 
ably  forms  about  one-third  of  the  mixed  globulins.  That  vicilin  is  not  derivative 
of  legumin,  is  almost  conclusively  proved  by  the  fact  that  no  vicilin  can  be  obtained 
from  the  vetch. 

The  most  remarkable  characteristic  of  vicilin  is  its  content  of  sulphur,  less  than 
that  of  any  other  known  proteid.  This  element,  it  may  be  noticed,  diminishes  in 
quantity  with  repeated  precipitation,  as  though  by  this  process  sulphur  were  split  off 
from  the  molecule.  The  total  quantity,  however,  is  so  small  that  it  might  appear 
unsafe  to  draw  conclusions  from  the  differences  observed;  that  is,  from  0.23  per  cent 
maximum  to  0.08  per  cent  minimum.  Yet,  repeated  determinatioiis  of  this  element 
have  shown  us  that  the  differences  were  not  analytical.  It  would  seem  possible  by 
sufliciently  rejDeated  precipitation  to  obtain  from  this  preparations  free  from  sulphur. 

In  salt  solution  vicilin  is  much  more  soluble  than  legumin,  so  that  by  repeated 
precipitation  from  diluted  solutions  the  two  globulins  can  be  separated. 

When  solutions  of  vicilin  in  10  per  cent  brine  are  heated  in  a  water  bath  they 
become  turbid  at  90°,  and  at  95°  flocks  separate.  When  heated  for  some  time  at  100° 
this  globulin  is  almost  completely  coagulated.  In  water  vicilin  is  insoluble.  In  1 
per  cent  sodium  chlorid  solution  it  dissolves  considerably,  while  in  slightly  stronger 
solutions  it  is  much  more  soluble,  the  solution  of  the  globulin  appearing  to  depend 
on  the  presence  of  enough  salt  to  form  a  soluble  compound. 

In  its  reactions  it  very  closely  resembles  legumin. 

The  composition  of  vicilin  we  found  to  be  as  follows: 

Vicilin. 


Constituents. 


Carbon 

Hydrogen. 
Nitrogen . . 

Sulphur 

Oxygen... 

Total 


Pea. 


52.86 

7.03 

17.40 

.18 

23.03 


100.00 


Lentil. 


52.13 

7.02 

17.38 

.17 

23.30 


100.00  I 


Horse 
bean. 


52.38 

7.04 

17.52 

.15 

22.91 


100.00 


Average. 


52.29 

7.08 

17.43 

.17 

23.08 


100.00 
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LBGUMELIN. 


We  have  found  leguinelin  in  all  lejruminous  seeds  whii^h  we  have  examined  with 
the  exception  of  the  white  bean  (Phaseolus  vulgarU)  and  the  blue  and  yellow  lupin. 

It  \a  difficult  to  decide  w^hether  this  proteid  should  Ix)  considered  an  albumin  or  a 
globulin. 

By  prolonged  dialysis  of  solutions  containing  considerable  legumelin  a  verv  small 
part  separates,  usually  in  a  form  insoluble  in  salt  solutions.  In  one  case  we  obtained 
a  precipitate  by  dialysis  w^hich  was  wholly  soluble  in  brine,  to  a  solution  from  which 
ft  relativelv  large  coagulum  separated  on  heating  to  65®,  thus  indicating  a  globulin. 
We  have  found,  however,  that  other  proteids,  notably  edestin,  undergo  a  change  in 
solubility,  whereby  the  proteid  becomes  gradually  more  and  more  difficult  to  dis- 
solve. Thus  edestin  changes  from  a  form  msoluble  in  cold  brine  to  one  soluble  in 
hot  brine,  also  to  one  soluble  in  hot  brine  to  one  insoluble  therein,  but  soluble  in 
dilute  sodium  carbonate  solution,  and  finally  from  a  form  insoluble  in  alkali  carbon- 
ate to  one  soluble  only  in  caustic  alkali.  It  is  not  unreasonable  to  expect  that  a 
proteid  which  might  properly  be  considered  an  albumin  (i.  e.,  soluble  in  pure  water 
and  coagulable  on  heating)  should  undergo  a  similar  change  whereby  it  becomes  no 
longer  soluble  in  pure  water  but  dissolves  in  salt  solutions  and  then  further  changes 
to  a  form  no  longer  soluble  in  brine  but  dissolved  by  alkali  carbonates. 

Such  a  very  large  proportion  of  the  le^melin  resists  precipitation  by  dialysis,  that 
we  are  inclined  to  regard  the  small  precipitates  which  we  have  obtained  in  this  way 
as  due  to  changes  similar  to  those  which  produce  so-called  ** albuminates''  from 
globulins. 

In  a  paper  on  the  proteids  of  the  cowpea«  we  designated  this  proteid  as  a  globu: 
lin,  but  in  view  of  our  subsequent,  much  more  extensive  experience  we  now  consider 
legumelin  to  be  more  properly  classed  with  the  albumins. 

The  amount  of  legumelin  which  we  have  found  in  the  seeds  discussed  in  this  paper 
was  in  the  pea  2  per  cent,  vetch,  1.5  per  cent;  lentil  and  horse  bean,  1.25  per  cent. 

No  definite  coagulation  point  can  be  stated  for  legumelin,  as  the  presence  of  salts 
or  acids  as  well  as  the  proportion  of  dissolved  legumelin  have  a  great  effect  on  the 
temperature  at  which  coagulation  takes  place.    ♦    *    * 

In  the  following  table  we  give  the  average  of  analyses  which  we  have  made  of 
coagulated  legumelin  from  different  seeds.  These  preparations  have  been  obtained 
in  a  variety  of  ways,  as  can  be  seen  by  consulting  our  papers  on  the  seeds  named. 


Legumelin, 


Constituents. 


Carbon...., 
Hydrogen. 
Nitrogen.., 
Biilphnr.... 
Oxygen... 

Total 


Pea. 


58.31 
6.99 

16.80 
1.06 

22.84 


lOO.OO 


LenUl. 


63.22 

6.82 

16.27 

.94 

22.75 


100.00 


Horae 
bean. 


53.03 
6.97 

16.22 
1.80 

22.48 


100.00 


Vetch. 


53.31 
6.97 

16.24 
1.11 

22.87 


100.00 


Adzuki 
bean. 


53.97 

7.01 

16.31 

.88 

21.83 


100.00 


Cow- 
pea. 

53.25 
7.07 

16.36 
1.11 

22.21 


100.00 


Soy 
l)ean. 


58.06 
6.»i 

16.14 
1.17 

22.69 


100.00 


Aver- 
age. 

58.81 
6.97 

16.26 
1.08 

22.88 


100.00 


PROTEOSE. 

As  the  proteose  of  these  seeds  is  present  in  small  amount  and  is  difficult  to  obtain 
pure,  we  nave  not  as  much  information  respecting  it  as  is  desirable.  The  pea  appears 
to  contain  about  1  per  cent,  the  horse  bean  about  0.6  per  cent,  and  the  lentil  and  vetch 
evidently  less.  It  is  probable  that  more  or  less  of  this  proteose  may  be  lost  by 
diffusion,  for  10.6  grams  of  what  was  doubtless  nearly  pure  proteose  from  the  pea 
after  solution  and  dialysis  yielded  only  about  6  grams  when  precipitated. 

We  have  obtained  a  few  of  the  reactions  of  proteose  from  the  piea  and  horse  bean, 
but  no  reactions  of  this  proteid  from  the  lentil  and  vetch. 

a  J.  Amer.  Chem.  Soc.,  19:  499. 
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PtoUose, 

Constituent. 

Pea. 

Lentil, 
No.  68. 

Horee  bean. 

VeU'h, 

No.  46. 

No.  47. 

No.  89. 

No.  98. 

No.  22. 

Carbon 

50.24 
6.76 

17.86 
1.26 

24.40 

49.66 
6.78 

16.67 
1.40 

25.  M 

60.17 
6.77 

16.81 
1.27 

28.98 

60.24 
6.66 

17.11 
1.87 

24.12 

49.96 
6.76 

16.95 
2,75 

23.58 

50.85 

Hydrogen 

6.75 

Nitrogen 

16.65 

Sulphor 

26.75 

Oxygen 

Total 

100.00  1      100.00 

100.00 

100.00 

100.00 

100.00 

If  the  difficulty  encountered  in  purifying  these  preparations  of  proteose  and  the 
different  methocis  by  which  they  have  been  obtained  are  (^onsidereti,  the  agreement 
between  them,  except  for  the  sulphur  in  those  from  the  horse  bean,  makes  it  prol)- 
able  that  these  figures  nearly  represent  the  composition  of  this  substiemce. 

Protbixms  of  the  Maizb  Kehnbl. 

The  proteids  of  com  have  been  investigated  by  Osborne  and  Chittenden. «  These 
proteids  may  be  distinguished  according  to  their  solubilities  as  follows: 

(fi)  Proteid,  soluble  in  pure  water,  having  some  of  the  properties  of  proteose. 

(^)  Globulins,  insoluble  in  pure  water,  but  soluble  in  salt  solutions.  Edeetin  and 
maysin. 

(<•)  Proteid,  insoluble  in  water  or  salt  solutions,  but  soluble  in  alcohol  of  60  to  99 
per  cent.  Zein. 

(d)  Proteid  matter,  insoluble  in  water,  salt  solution,  and  alcohol,  but  soluble  in 
dilute  alkalies  and  acids. 

lAter  Osborne  &  determined  the  quantities  of  these  proteids  in  com.  One  hundred 
grams  of  the  yellow  com  meal  contained,  approximately,  as  follows: 

Grams. 
Proteid  soluble  in  0. 2  per  cent  potash .  3. 15  grams  containing  15. 82  per  cent  N.  =0. 4983 

Zein 5.00gramscontainingl6.13percentN.=0.8065 

Very  soluble  globulin 0.04  grams  containing  1 5. 25  per  cent  N.  =0. 0061 

Edestin 0. 10  grams  containing  18. 10  per  cent  N.  =0. 01 81 

Maysin 0.25  grams  containing  16.70  per  cent  N.  =0.  (M17 

Proteose 0.06gramscontainingl7.00percentN.  =0.0102 


Nitrogen  undissolved  by  dilute  potash  water. 


1.3809 
0.1645 


Total 1.5454 

Nitrogen  in  meal  by  analysis f 1.5400 

Mean  percentage  of  nitrogen  in  maize  proteids -, 16.057 

The  various  proteids  that  have  been  separated  from  some  other  vegetable  sub- 
stances might  be  stated,  but  enough  has  been  given  to  indicate  the  general  charac- 
teristics of  the  proteids  of  vegetable  substances.  Reference  has  been  made  to  the 
readiness  with  which  these  bodies  change  when  in  a  moist  condition  or  when  they 
are  in  solution,  and  to  the  fact  that  they  combine  with  acids,  forming  new  substances 
with  new  properties.    In  addition  to  this,  the  solubilities  of  the  separate  proteids 

aAmer.  Chem.  J.,  IS:  453,  529. 
ft  J.  Amer.  Chem.  Soc.,  19:  532. 
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will  not  permit  of  the  extraction  of  one  proteid  without  being  more  or  less  contani^ 
inated  witli  another.  For  general  comparative  purposes,  however,  the  separation  of 
the  proteids  into  water-soluble,  saltHaoluble,  alcohol-soluble,  and  insoluble  proteids 
gives  valuable  results.  The  following  method  proposed  by  Prof.  H.  H.  Snyder  «  for 
the  separation  of  the  proteids  of  flour,  based  largely  on  the  methods  employed  by 
Osborne  and  Voorhees  will  apply  fairly  well  to  all  vegetable  substances. 

Water-soluble  nitrogen. — Fifteen  grams  of  flour  were  weighed  into  a  flask  and  250 
cc  distille<i  water  added,  the  temperature  being  kept  at  about  30°  by  placing  the 
flask  in  water  of  that  temperature.  The  flask  was  shaken  occasionally.  After  two 
hours,  200  cc  of  the  clear  nitrate  were  placed  in  a  Kjeidahl  digestion  flask  containing 
a  little  sulphuric  acid  and  evaporated  nearly  to  dryness,  when  the  remainder  of  the 
acid  necessary  for  oxidation  was  abided  and  the  determination  of  nitrogen  completed 
in  the  usual  way.  When  it  w^as  also  desired  to  separate  water-soluble  gliaain  30 
grams  of  flour  and  500  cc  of  water  were  used.  One-half  of  the  filtrate  was  evaporated 
nearly  t^)  dryness  and  the  residue  treated  with  70  per  cent  alcohol  to  extract  the 
soluble  gliadin.  The  extract  was  filtered  through  a  small  filter.  The  filter  paper 
with  the  insoluble  proteid  residue  was  placed  in  a  Kjeidahl  flask  and  the  nitrogen  in 
it  determined  in  the  usual  way. 

Soli-soluble  nitrogen, — After  removing  the  water-soluble  proteids  the  flour  residue 
was  placed  in  a  flask  and  500  cc  of  5  per  cent  sodium  chlond  solution  added.  After 
stanaing  for  about  two  hours  at  30°  the  nitrogen  in  the  extract  was  determined 
as  in  the  case  of  proteid  soluble  in  water. 

Gliadin. — Five  grams  of  flour  or  other  material  were  weighed  into  a  flask  and  250 
cc  of  70  per  cent  alcK)ho1  added,  the  contents  of  the  flask  bemg  shaken  at  intervals  of 
half  an  nour  for  three  hours.  The  alcohol  was  left  in  contact  with  the  flour  for 
about  eighteen  hours.  The  alcoholic  extract  was  then  filtered  and  100  cc  of  the  fil- 
trate placed  in  a  Kjeidahl  digestion  flask  connected  with  a  condenser.  The  alcohol 
was  removed  by  distilling  and  the  nitrogen  in  the  residue  determined  in  the  usual 
way.     With  old  or  unsound  flours  a  correction  must  be  made  for  soluble  amid  bodies. 

Ulvienin. — The  residue  from  the  gliadin  determination  was  washed  with  70  per  cent 
alcohol  until  the  washings  no  longer  gave  a  reaction  for  proteids.  It  was  then  trans- 
ferred to  a  flask  and  200  cc  of  a  5  per  cent  solution  of  sodium  chlorid  added  to  remove 
globulin  and  other  proteids.  After  two  hours'  extraction  the  residue  was  washed 
with  distilled  water  and  transferred  to  a  flask,  250  cc  of  a  0.2  per  cent  solution  of 
potassium  hydroxid  added,  and  after  three  hours'  extraction  the  solution  filtered, 
and  the  nitrogen  in  200  cc  of  the  filtrate  determined  in  the  usual  way.  The  glutenin 
determination  is  the  most  troublesome  of  all,  because  the  other  proteids  must  be 
removed  before  it  can  be  extracted  with  potassium  hydroxid.  For  all  practical  pur- 
poses the  glutenin  may  be  estimated  by  difference.  Results  thus  obtained  are  within 
0.1  per  cent  of  the  actual  amount  recovered  with  potassium  hydroxid. 

Amid  nitrogen. — Fifteen  grams  of  flour  were  treated  as  described  for  the  determi- 
nation of  water-soluble  proteids.  Fifteen  cubic  centimeters  of  Stutzer*s  copper  solu- 
tion were  added  to  200  cc  of  the  filtrate  and  the  albuminoid  nitrogen  determination 
was  made  in  the  usual  way.  The  difference  between  the  nitrogen  of  the  water- 
soluble  proteid  and  the  albuminoid  nitrogen  represents  the  amid  nitrogen. 

Tannic  acid  was  also  used  to  precipitate  the  total  soluble  proteid  matter,  and  gave 
satisfactory  results.  The  usual  method  for  the  determination  of  albuminoid  nitrogen 
is  not  applicable  to  flour  because  a  paste-like  mass  is  formed  which  can  not  be  readily 
filtered. 

In  following  out  this  method  in  analyses  made  in  our  own  laboratory  we  had  no 
difficulty  in  filtering  off  the  water  extract  from  leguminous  grains,  but  we  found  it 
practically  impossible  with  flour.  However,  I  think  these  separations  could  be 
matie  by  means  of  centrifugal  force.  We  have  not  been  able  to  make  a  thorough 
test  of  this  method,  so  have  not  thought  it  well  to  give  any  of  the  results  obtained. 

The  President.  The  report  of  the  associate  referee  on  meat  pro- 
teids is  now  in  order. 

oMinn.  Exp.  Sta.  Bui.  No.  63,  1899. 
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BEPOET  ON  SEFABATION  OF  MEAT  PBOTEID& 
By  W.  D.  BiGBax>w,  Associate  referee. 

This  subject  has  been  again  divided  into  the  nitrogenous  constituents  of  meats,  and 
the  nitrogenous  constituents  of  meat  extracts.  The  associate  referee  has  been  fortu- 
nate in  securing  the  collaboration  of  Mr.  Grindley,  who  has  devoted  so  much  atten- 
tion to  the  study  of  meats  and. includes  in  his  work  a  careful  comparison  of  the 
amount  of  proteids  precipitated  by  various  reagents  in  the  water  extracts  of  meats, 
both  raw  and  cooked.    Mr.  Grindley's  report  is  submitted  as  a  separate  paper. 

During  the  last  year  the  study  of  the  separation  of  the  proteids  in  meat  extracts, 
which  has  been  conducted  in  the  food  laboratory  of  the  Bureau  of  Chemistry,  was 
continued  by  W.  D.  Bigelow  and  F.  C.  Cook  for  the  purpose  of  confirming  previous 
results,  and  of  studying  the  action  of  combinations  of  reagents  which  had  not  pre- 
viously been  tried  in  that  laboratory.  Before  reporting  on  the  work  of  the  past  year 
it  has  been  thought  best  to  give  here,  in  greater  detail  than  has  already  been  pub- 
lished, the  results  of  previous  work  by  the  referee  and  K.  Harcourt 

Considerable  attention  has  been  given  in  recent  years  to  the  method  for  the  pre- 
cipitation of  proteids  by  means  of  bromin,  as  suggested  by  Allen  and  Searle,^  and 
modifications  of  that  method  which  have  since  been  published.  A  careful  study 
was  made  of  this  method  with  a  view  to  determining  the  conditions  under  which  it 
would  yield  the  maximum  results.  After  repeated  trials  it  was  decided  that  the 
filtration  could  not  be  successfully  performed  under  less  than  two  hours  after  pre- 
cipitation. We  were  unable  to  filter  the  mixture  under  one-half  hour,  as  directed 
by  Allen  and  Searle,  owing  to  the  incomplete  separation  of  the  precipitate.  Aliquot 
parts  of  the  filtrates  from  the  proteids  coagulated  by  heating  were  subjected  to  the 
action  of  bromin  water  in  some  cases,  and  in  others  saturated  with  bromin.  In  all 
cases  the  solutions  were  acidified  with  hydrochloric  acid,  as  directed  by  Allen  and 
Searle,  before  the  addition  of  the  bromin  water  or  bromin. 

Table  I. — Bromin  predpUaie  in  JUtraie  from  coagulcUed  proteids. 


Description  of  sample. 


Precipitate 
bv  satura- 
tfon  with 
bromin  fil- 
tered after 
16-18  hours. 


Hammond's  beef  extract 

A.  <&J.'8  liquid  peptones 

Tropon 

Arlington  Chemical  Co.'s  beef  peptones 

Arlington  Chemical  Co.'s  liquid  peptonoids . . 
The  London  Essence  Co.'s  essence  of  chicken 

Rose's  peptonized  beef 

Extractum  camis  Lieblg 


J'cr  cent. 

1.81 
.04 
.06 
.S4 
.09 
1.26 
2.52 
.86 


It  would  appear  from  the  figures  given  above  that  the  results  by  allowing  the 
liquid  to  stand  over  night  before  filtration  are  practically  identical  with  those  obtained 
by  filtering  within  two  hours  after  precipitation.  The  former  method  gives  filtrates 
that  are  more  uniformly  clear,  and  it  can  be  used  with  greater  economy  of  time.  It 
was  therefore  chosen  for  subsequent  work  in  comparison  with  other  methods.    The 

a  Analyst,  1897,  22:  259. 
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details  employed  were  those  published  in  Bulletin  66  of  the  Bureau  of  Chemistry, 
page  11. 

Phosphotiingstic  acid  was  suggested  by  Stutzer.  It  has  long  been  conceded  that  all 
protei<ls  except  peptones  were  precipitated  by  ammonium  sulphate. «  Bomer  &  sub- 
stitutes zinc  sulphate  for  ammonium  sulphate.  He  acidifies  the  filtrate  frem  the 
insoluble  and  coagulable  material  with  1  cc  of  1 — 4  sulphuric  acid  to  prevent  the  pre- 
cipitation of  zinc  phosphate,  and  saturates  the  solution  with  zinc  sulphate.  The 
precipitate  is  washed  with  a  saturated  solution  of  zinc  sulphate  and  its  nitrogen  con- 
tent determined  by  the  Kjeldahl  method.  It  is  our  purpose  here  to  record  the 
r«*sulte  of  a  careful  study  of  the  foregoing  methods. 

For  the  purpose  of  comparison  Mallet's  method  was  employed  in  the  work  reported 
herewith.  In  some  cases  a  preliminary  addition  of  tannin  was  made,  and  in  others 
the  tannin  was  omitted  and  the  phosphotungstic  acid  added  directly  to  the  filtrate 
from  the  coagulated  pi-oteids.  It  is  regretted  that  Schjeming's  method,  published 
while  the  work  here  reported  was  in  progress,  in  which  tannin  and  sodium  chlorid 
are  used  as  precipitants,  did  not  come  to  our  attention  in  time  to  be  included. 

The  action  of  flesh  bases  of  the  reagents  employed  in  the  various  methods  was  also 
studied.  Samples  of  glycocin,  leucin,  alanin,  asparogin,  glutamin,  tyrosin,  betain, 
kreatin,  kreatinin,  hypoxanthin  (sarkin),  camin,  and  allantoin,  were  obtained  in  as 
high  a  state  of  purity  as  practicable,  dissolvetl  in  water  acidified  with  hydrochloric 
acid  and  successive  small  portions  of  the  solution  treated  with  bromin,  tannin,  phos- 
photungstic acid,  ammonium  sulphate,  and  zinc  sulphate.  No  precipitation  occurred 
in  any  case  with  bromin,  ammonium  sulphate,  or  zinc  sulphate.  Tannin  gave  a  very 
slight  turbidity  with  alanin  and  betain. 

On  boiling  the  solution  and  allowing  it  to  cool,  this  insoluble  matter  subsided  and 
was  separated  by  filtration.  Further  concentration  of  the  filtrate  did  not  cause  a 
reappearance  of  this  turbidity,  which  was  evidently  due  to  a  slight  trace  of  an 
impurity  which  had  not  been  removed  from  the  preparations  employed. 

Phosphotungstic  acid  either  produced  no  precipitate  or  a  precipitate  which  dissolved 
on  heating.  When  the  solutions  were  heated  to  from  86°  to  90°  no  insoluble  matter 
was  left  in  any  case,  except  that  alanin  and  betain  retained  a  scarcely  perceptible  tur- 
bidity, as  they  did  with  tannin.  As  was  stated,  under  tannin  this  was  doubtless  due 
to  a  trace  of  an  impurity  in  the  preparations  employed.  These  tests  are  in  part  a 
repetition  of  Mallet's  work,  but  it  is  deemed  appropriate  to  mention  them  here  in 
confirmation  of  his  results. 

The  reagents  mentioned  were  then  employed  for  the  examination  of  a  number  of 
samples  of  meat  extracts  and  similar  products,  the  results  of  which  are  shown  in 
Table  II.  The  percentage  of  material  insoluble  in  water,  of  material  coagulated  by 
boiling  after  slightly  acidifying,  were  first  determined  by  the  methods  outlined  in 
Bulletin  66  of  the  Bureau  of  Chemistry.  Aliquot  parts  of  the  filtrate  from  the  pro- 
teids  coagulated  by  boiling  were  then  treated  with  the  reagents  mentioned  above.  It 
will  be  observed  that  no  relation  exists  between  the  proteids  precipitated  by  bromin 
and  those  precipitated  by  zinc  sulphate. 

a  Stutzer,  Zeit  anal.  Chem.,  1895,  5:  372. 

ftZeit.  anal.  Chem.,  1895,  5:  562;  Bureau  of  Chemistry  Bui.  No.  65,  p.  18. 


Digitized  by 


Google 


106 


Table  II. — Nitrogenotu  bodies  m  meal  extracts  {BigeUnv  and  Harcouri), 
[ExprefiBed  in  terms  of  tutiil  nitrogen  in  original  sample.] 


Serial 
No. 


18239 
18681 


19808 
19899 
19466 
19467 
19468 
19469 
19460 
19461 

19462 
19468 
19464 
19465 
19466 
19467 

19766 
19767 
19785 
19786 
19787 

19817 


Substance. 


Beef  extract,  paste 

Liquid  food , 

Meat  powder,  digested. . . 

Beef  extract,  paste 

Beef  extract,  fluid 

Meat  powder,  digested  . . 

Liquid  peptone 

Beef  peptonoids,  powder. 

Liquid  peptonoids 

Meat  powder 

Commercial  peptone, 
fluid 

Beef  tonic,  fluid 

Beef  extract,  powder 

Essence  of  chicken,  fluid. 

Fluid  beef,  paste 

Beef  extract,  paste 

Peptonized  beef,  gela- 
tinous  

Beef  Juice  pressed  at  60°. 

do 

Beef  juice  pressed  cold  . . 

do 

Beef  juice  pressed  after 
heating  6  hours 

Liquid  peptone 


Total. 


Perct. 
8.48 
L90 

12.18 
8.88 
8.04 

14.41 

.25 

4.27 

.34 

12.03 

.95 

.19 

2.05 

3.43 

7.15 


6.27 

1.09 

1.18 

.48 

.43 

.24 
.81 


Insol- 
uble in 
water. 


Pre- 
cipi- 
tate 

boil- 
ing in 
slight- 
ly acid 
solu- 
tion. 


Perct. 

Perct. 

14.74 

79.48 

.496 

2.252  1 

1 

.34 

94.59    ! 


.00 
68.62 

.00 
57.19 

.00 

.00 

60.24 


1L05 
50.16 

11.48 
20.18 
11.02 


.00 


.14 

8.00 

10.77 

.00 

.17 

.00 
.00 
7.81 
2.04 
.00 
.00 

2.39 
24.77 
33.90 
70.83 
69.76 


8.68 


Precipitate  (from  filtrate  by  boiling)  by— 


Bro- 
min. 


Perct. 
13.88 
.00 
83.61 
14.75 

3.29 

.42 

12.00 

7.96 
26.47 
15.71 

84.74 
21.06 
8.29 
36.71 
29.79 
21.06 

27.91 

n.oi 

10.17 
4.17 
4.65 

25.00 
9.68 


Zinc 
sul- 
phate. 


Perct. 

6.168 

.00 

82.00 

12.96 

L66 

.42 

8.00 

8.43 

8.82 

8.90 

18.96 
68.42 
40.00 
27.39 
40.98 
2L36 

36.62 
38.53 
16.93 
6.26 
2.83 

20.83 
.00 


Bromin 
filtrate 
in  zinc 

8Ul. 

phate. 


Perct. 


.00 
4.1 
8.378 
8.22 


8.00 
2.81 
17.65 


33.51 
1L75 


I 


Zinc 
sul- 
phate 
-I-  bro- 
min. 


Perct 


.00 
86.1 
16.44 
9.86 


16.00 
n.24 
26.47 


60.90 
52.78 


Phos- 
pho- 

tung- 
stic 

acid. 


PercL 
68.82 
L579 
91.92 


10.63 


23.69 


74.82 
14.68 
8.47 
6.25 
6.98 

60.00 
32.26 


Bro- 
min 
and 
phos- 
pho- 
tung- 
stic 
acid. 


Per  a. 
68.86 
1.579 
66.78 
23.66 
22.36 
.66 
24.00 
10.64 
32.55 
22.69 


62.63 

44.21 

42.10 

42.10 

16.61 

14.68 

69.64 

59.86 

62.10 

17.64 

28.48 

85.96 
21.10 
15.25 

ass 

6.88 

41.67 
22.58 


Ck>n8]4eriBK  the  statements  of  Allen  and  Searle,  that  all  proteids,  including  pep- 
tones, were  precipitated  hy  bromin,  it  was  intended  to  precipitate  albuminoeee  by 
zinc  sulphate,  and  albuminoses  and  peptones  combined  by  bromin,  and  to  calculate 
the  percentage  of  peptones  by  the  difference  between  the  amount  of  albaminoees 
and  peptones  present.  It  was  soon  found,  however,  that  not  only  w^as  this  difference 
not  equal  to  the  percentage  of  pept(mes  present,  but  that  frequently  the  zinc  sulphate 
precipitate  was  greater  in  amount  than  the  bromin  precipitate.  The  filtrate  from 
the  zinc  sulphate  precipitate  in  the  case  of  samples  whose  examination  had  not 
been  completed  was  diluted  with  an  equal  volume  of  water,  as  directed  by  Allen, 
saturated  with  bromin,  and  allowed  to  stand  over  night,  after  which  the  precipitated 
nitrogenous  compounds  were  separated  by  filtration,  and  the  amount  of  nitrogen 
present  determined.  It  was  found  that  the  nitrogen  precipitated  by  bromin  in  the 
filtrate  from  the  zinc  sulphate  precipitate  was  sometimes  greater  than  was  precipitated 
from  the  original  solution.  The  sum  of  the  nitrogen  precipitated  by  zinc  sulphate 
and  precipitated  by  bromin  in  the  filtrate  from  the  same  is  usually  lees  than  that 
precipitated  by  phoephotungstic  acid,  although  in  many  cases  it  is  not  materially 
less.  It  is  probable  that  in  products  containing  a  small  amount  of  peptones  the  resalts 
so  obtained  are  sufficiently  near  the  truth.  On  the  other  hand,  in  the  case  of  com- 
mercial peptones  and  of  meat  products  which  have  been  heate<l  for  a  long  period,  or 
peptonized  in  any  manner,  the  use  of  bromin  does  not  give  reliable  results  even  in 
the  filtrate  from  the  zinc-sulphate  pn»cipitjitt». 
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It  is  worthy  of  remark  that,  while  Allen  and  Searle  stated  that  all  proteids  were 
completely  i)recipitated  by  broniin  they  only  reported  results  obtaineil  in  the  filtrate 
from  the  zinc-sulphate  precipitate,  and,  as  stated  above,  such  results  when  added  to 
the  zinc  sulphate  precipitate  are  much  higher  than  those  obtained  by  bromin  in  the 
original  solution.  At  the  same  time  the  nitrogen  precipitated  by  bromin  is  always 
too  low. 

Since  the  partial  publication  of  this  work  these  observations  on  the  imreliability 
of  bromin  for  determining  nitrogen  have  been  confirmed  in  different  classes  of  pro- 
teids by  Fraps  and  Bizzell«  and  by  Van  Slyke,*  while  Schjeming^J  had  previously 
noted  that  fact. 

The  precipitate  by  phosphotungstic  acid  was  usually  higher  than  that  obtained  by 
zinc  sulphate,  although  in  some  cases  it  was  considerably  lower.  The  combined 
precipitates  obtained  with  tannin  and  phosphotungstic  acid  did  not  have  the  effect 
of  precipitating  the  peptones  which  were  not  precipitated  by  phosphotungstic  acid, 
but  on  the  other  hand,  gave  in  some  cases  a  lower  result  than  with  the  reagent  alone. 
As  stated  before,  this  work  was  done  before  the  publication  of  Schjeming  had  come 
to  our  attention,  and  salt  was  not  added  to  the  tannin  reagent. 

The  results  of  this  work  as  a  whole  were  unsatisfactory.  There  appears  to  be  no 
agreement  between  the  results  of  different  methods,  and  it  does  not  seem  that  the 
products  in  themselves  are  sufficiently  different  in  their  nature  to  warrant  the  dis- 
crei)ancy  in  the  results  obtained.  In  order  to  obtain  additional  data  regarding  the 
matter,  and  for  the  purpose  of  comparing  the  tannin-salt  reagent  with  the  methods 
already  tried,  and  also  to  study  the  precipitates  obtained  by  various  combinations  of 
the  reagents  in  use,  additional  work  was  undertaken  during  the  last  summer  by 
W.  D.  Bigelow  and  F.  C.  Cook.  It  is  felt  that  so  far  only  a  beginning  in  this  work 
has  been  made. 

Eight  commercial  products  were  taken  of  which  4  were  ordinary  meat  products  of 
X>a8ty  consistency;  one  a  so-called  beef  juice;  one  a  well-known  digested  meat  powder, 
and  two  commercial  peptones.  A  solution  Of  each  product  was  made,  and  aliquot 
portions  were  subjected  to  the  action  of  bromin,  zinc  sulphate  in  saturated  solution, 
phosphotungstic  acid  above  90°,  and  tannin-salt,  respectively.  The  filtrate  from  the 
phosphotungstic  &ck\  reagent  was  allowed  to  cool  and  again  filtered,  and  the  amount 
of  nitrogen  obtained  in  the  filtrate  was  added  to  that  precipitated  by  the  phospho- 
tungstic acid  in  hot  solutions,  the  same  being  given  as  phosphotungstic  acid  in  the 
cold.    The  results  obtained  are  given  in  Tables  III  and  IV. 

Table  III. — Nitrogenous  bodies  iji  meat  extracts  {Bigelow  and  Cook). 

[Expressed  in  terms  of  total  nitn)gcn  In  original  sample] . 

PRECIPITAT1«:S  FROM  ZINC  SULPHATE  FOLLOWED  BY  OTHER  REAGENTS. 


Description  of  sample. 


Meat  extract 

.....do 

....do 

.....do 

Meat  powder,  digested. 
Commercial  peptone... 

....do 

Beef  juioe 


Zinc  sul- 
phate. 


Fercent. 
21.1 
20.4 
10.8 
46.1 
81.1 
19.9 
42.0 
6.2 


Zinc  sul- 
phate 


Zinc  sul- 
phate 
+  phospho- 


-h bromin.  '<   tungstic 
acid 


PercenL 
25.5 
27.6 
22.8 
52.6 
85.2 
42.2 
44.1 
9.9 


Per  cait. 
31.4 
40.3 


62.5 
88.7 
58.9 
76.4 
14.3 


Zinc  sul- 
phate4 
+ tannin- 
salt. 


Per  cent. 
21.6 
21.0 
11.7 
46.5 


aj.  Amer.  Chem.  Soc.  1900,  22:  709. 

6U.  S.  Dept.  of  Agri.,  Bur.  of  Chem.  Bui.  No.  73,  p.  96. 

^Zeit.  anal.  Chem.,  1900,  89:  545. 
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Table  III. — Nitrogenous  bodies  in  meat  extracts — Continned. 

PRECIPITATES  FROM  PHOSPHOTUNGSTIC  ACID  FOLLOWED  BY  OTHER  REAGENTS. 


Number  of  sample. 

Phospho- 

tungstic 

add. 

Phospho- 

tungstic 

acid 

-fbro- 

min. 

Phospho- 

acid 
-fzinc 

sul- 
phate. 

Phospho- 
tungKtic 
acid 
+zinc 
sul- 
phate. 
+bro- 
min. 

Phospho- 
tungstic 

add 
-h  tannin- 

salt. 

Percent. 
41.5 
41.7 
40.3 
70  4 

Percent. 
44.0 
43.8 
42.8 
71.4 
93.9 

Per  cent. 
42.2 
42.5 
41.2 
70.8 
98.6 

i¥r  caU. 
44.1 
44.6 
43.6 
71.6 
101.3 

Percent. 
41.5 

41.7 

40.3 

70  4 

98.5 

95.2 

56.0 
26.0 

56.6 
26.2 

67.9 
28.8 

86.0 
81.2 

61.1 

28.1 

PRECIPITATES  FROM  TANNIN-SALT  FOLLOWED  BY  OTHER  REAGENTS. 


Number  of  sample. 

Tannin- 
salt. 

Tannin- 

«alt-f-bro- 

min. 

Tannin- 
salt 
+zlnc 
sul- 
phate. 

Tannin- 
salt 
-fzinc 
sul- 
phate 
-f-bro- 
min. 

Tannin- 

salt 

-fphofr 

pho- 

tunmtic 

acid. 

1 , 

Percent. 
32.6 
89.9 
35.4 
66.9 
89.4 
53.9 
78.4 
17.0 

Percent 
89.0 
48.4 
41.1 

Percent. 
58.5 
63.6 
62.4 
76.0 
100.5 
76.2 
98.1 
33.1 

Percent 
61.8 
56.2 
55.8 
77.5 
101.6 
77.8 
94.0 
36.3 

Percent. 
35.8 

2 •... 

41.7 

3 

87.8 

4 

5 

97.0 
62,1 
84.6 
26.3 

6 

7 

8 

Table  IV. — Rearrangement  of  figures  in  Table  III  for  purposes  of  comparisfm, 

[Nitrogenous  bodies  in  meat  extracts  expressed  in  terms  of  total  nitrogen  in  origimU  Hamplc.] 

PRECIPITATES  FROM  THE  FOUR  REAGENTS  SEPARATELY. 


Description  of  samples. 


Zinc  sul- 
phate. 


Phosphotungstic 
acid. 


Hot. 


Cold. 


Tannin- 
salt. 


Biomin. 


Meat  extract 

do 

do 

do 

Meat  powder,  digested. 
Commercial  peptone . . . 

do 

Beef  juice 


Per  cent, 
21.1 
20.4 
10.8 
46.1 
81.1 
19.9 
42.0 
6.2 


Percent. 
41.5 
4L7 
40.3 
70.4 
98.5 


Percent. 
42.48 
42.22 
40.78 
70.63 
98.42 


56.0 
26.0 


59.20 
29.72 


Percent. 
3Z6 
39.9 
35.4 
66.9 
89.4 
58.9 
78.4 
17.0 


Percent. 
23.9 
26.2 
14.1 
40.2 
68.1 
18.1 
29.9 
4.6 
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Table  IV. — Rearrangement  of  figures  in  Table  III,  etc. — Continued. 

PRBCIPITATES  FROM    ?JOMBINED   REAGENTS,   WITH  COMPARISON    OF   THE   ORDER  IN 

WHICH  USED. 


Number  uf  sample. 

Zinc  sul- 

phospho- 

tunK!«tic 

add. 

Phospho- 

tunffstic 

acid 

-l-zinc 

sulphate. 

Tannin- 

salt+ 

phospho- 

tungstic 

add. 

Phoepho- 

tUURStiC 

rtcid+ 
tannin- 
salt. 

Percent. 
41.5 
41.7 
40.8 
70.4 
95.2 

Zinc  sul- 
phate+ 
tannin- 
salt. 

Tannin- 

8alt+ 
zinc  sul- 
phate. 

1 .* 

Percent 
81.4 
40.3 

Percent. 
42.2 
42.5 
41.2 
70.8 
98.6 

Percent. 
35.8 
41.7 
37.3 

Percent. 
21.6 
21.0 
11.7 
46.5 

Perceni. 
58.5 

2 

68.6 

3      .              

62.4 

4        ..             

82.5 
88.7 
58.9 

76.0 

6 

100.5 

6 

76.2 

7 

76.4 
14.3 

67.9 
28.8 

61.1 
28.1 

98.1 

8 

38.1 

PRECIPITATES  FROM  THE  SEVERAL  REAGENTS  FOLLOWED  (1)  BY  BROMIN,  (2)  BY 
ZINC  SULPHATE  AND  BROMIN. 


Number  of  sample. 

Zinc  sul- 
phate+ 
bromin. 

Phoepho- 

tungstic 

acid-i- 

bromin. 

Tannin- 

8alt+ 
bromin. 

Phospho- 
tungstic 

acid + zinc 
sulphate 

-h  bromin. 

Tannin- 
salt-i-zinc 
sulphate 
-f-bromln. 

1 ,. 

I'ercent. 
25.5 
27.6 
22.8 
52.6 
85.2 
42.2 
44.1 
9.9 

Per  cent. 
44.0 
43.3 
42.8 
71.4 
93.9 

Percent, 
39.0 
43.4 
41.1 

Percent. 
44.1 
44.6 
43.6 
7L5 
101.3 

Percent 
61.3 

2 

56.2 

55.8 

77.5 

97.0 
62.1 
W.6 
26.3 

101.6 

77.8 

56.6 
26.2 

85.0 
31.2 

94.0 

8 

36.3 

The  filtrates  from  the  precipitates  obtained  by  zinc  sulphate,  phoephotungstic 
acid,  and  tannin-salt  were  then  divided  into  aliquot  parts,  and  one  part  from  each 
was  treated  with  ail  four  of  the  reagents  for  the  purpose  of  detennining  what  com- 
bination would  give  the  highest  result.  It  was  the  intention  also  to  treat  these 
various  combinations  of  reagents  with  the  ordinary  simpler  amids,  as  was  done  in 
connection  with  the  previous  work.  Up  to  the  present  time,  however,  this  has  not 
been  accomplished. 

In  this  work  the  amount  of  nitrogen  precipitated  by  phosphotungstic  acid,  even  in 
hot  solutions,  was  greater  than  that  precipitated  by  any  other  single  reagent,  except 
in  the  case  of  pro<luct8  known  to  contain  a  relatively  large  amount  of  peptones. 
The  precipitate  obtained  with  phosphotungstic  acid  in  the  cold  was  not  appreciably 
greater  than  that  obtained  in  hot  solutions.  Our  previous  results  and  those  of  others 
regarding  the  unreliability  of  bromin  alone  are  confirmed.  The  combined  zinc  sul- 
phate and  bromin  precipitate  are,  as  formerly,  considerably  greater  than  either 
precipitate  alone.  On  the  other  hand,  the  sum  of  the  phosphotungstic  acid  and 
bromin  precipitates  is  greater  in  all  cases  than  the  sum  of  the  zinc  sulphate  and 
bromin  precipitates.  The  highest  results  from  the  combination  of  any  two  reagents 
were  obtained  by  tannin-salt  followed  by  zinc  sulphate  in  the  filtrate  from  the  same. 
By  a<lding  bromin  to  the  diluted  filtrate  from  the  zinc-sulphate  precipitate  from  the 
tannin-salt  precipitate  an  additional  precipitate  is  obtained,  which,  however,  is  so 
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slight  ill  almost  all  cases  that  it  may  be  disregarded.  The  order  in  which  the  vari- 
ous reagents  are  employed  has  a  material  influence  on  the  total  amount  of  nitrogen 
precipitated  by  both;  for  instance,  considerably  more  nitrogen  is  precipitated  by 
phosphotungstic  acid  followed  by  zinc  sulphate  than  by  zinc  sulphate  followed  by 
phosphotungstic  acid.  Again,  while  the  highest  results  were  obtained  by  the  tannin- 
salt  reagent  followed  by  zinc  sulphate,  the  lowest  of  all  the  combmations  employed 
resulted  from  the  use  of  zinc  sulphate  followed  by  the  tannin-salt  reagent. 

These  results  are  submitted  merely  as  preliminary.  They  have  not  been  confirmed, 
and  have  been  obtained  on  so  few  samples  that  the  reporter  feels  that  no  conclusion 
should  be  drawn  from  them.  The  discrepancies  in  the  results  of  two  reagents  added 
in  different  order  are  surprising,  and  should  be  confirmed  before  being  accepted.  At 
the  same  time  the  general  agreement  among  them  suggests  the  advisability  of  con- 
tinued study  of  the  combinations  of  the  various  reagents  employed. 

At  12.40  the  association  adjourned  until  1.30  p.  m. 

FBIDAY— AFTEBNOOir  SESSION. 

The  President.  The  discussion  of  the  subject  of  meat  proteids  will 
be  continued  by  receiving  Mr.  Grindley's  paper. 

A  STUDY  OF  THE  NITEOGENOUS  OOHSTXTUEHTS  OF  MEATa 

[A  report  to  W.  D,  Bigelow,  referee  on  food  adulteration.] 

By  H.  S.  Grindley. 

In  the  following  studies  the  fresh  substance  of  raw  and  cooked  meats  were  used 
entirely.  In  other  words,  the  raw  and  cooked  meats  were  not  air-dried  for  analysis. 
In  order  that  the  character  and  nature  of  the  work  here  reported  may  l)e  more  easily 
and  thoroughly  understood,  the  methods  which  were  used  are  given  in  detail.  It 
should  be  clearly  understood  that  the  work  here  reported  was  undertaken  entirely 
for  the  purpose  of  research  and  not  for  commercial  analysis,  and  therefore  the  prime 
object  has  been  to  obtain  definite  information  as  to  the  value  and  accuracy  of  the 
several  methods  studied,  regardless  of  the  amount  of  time  or  labor  required  in 
doing  it. 

Preparation  and  Analysis  of  Cold- Water  Extracts  of  Meats. 

(a)  Preparation  of  cold-water  extracts. 

Weigh  off  9  portions  of  about  12.5  to  15  grams  each.  Transfer  to  beakers  holding 
about  400  cc  and  add  100  cc  of  ammonia-free  water  to  each  lot.  Stir  mixture 
thoroughly  for  30  minutes.  Allow  to  settle  for  a  few  minutes  (5-10)  and  filter 
through  an  11  cm  ashless  and  nitrogen-free  filter.  Collect  the  filtrates  in  500  cc 
measuring  fiasks.  See  that  the  funnels  touch  the  sides  of  the  flasks  so  that  the 
filtrates  do  not  drop  directly  upon  the  liquid  but  flow  slowly  down  the  sides  of 
the  fiasks. 

Treat  residues  with  successive  portions  of  ammonia-free  water,  using  about  50  cc 
for  each  extraction,  stirring  for  15  minutes  during  each  extraction,  and  after  eacli 
extraction  allow  the  solid  particles  to  settle  for  from  5  to  10  minutes  Ijefore  filtering. 
Continue  this  treatment  until  each  filtrate  measures  about  470  cc. 

Be  sure  each  time  to  drain  off  thoroughly  all  the  water  from  the  residue  in  the 
beaker  and  also  Ije  sure  to  let  the  water  upon  the  filter  paper  used  in  each  extraction 
nm  entirely  through  before  adding  the  water  from  another  extraction.  Also  be  care- 
ful to  wash  the  filter  pa{)er  and  the  residue  upon  the  same  thoroughly  with  each 
extract.    These  precautions  are  necessary  in  order  to  insure  complete  extraction. 
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Transfer  carefully  the  extracts  of  about  470  cc  each  to  a  clean ,  dry  2-liter  meas- 
uring flask,  washing  out  each  500  cc  flask  twi(»,  using  about  10  cc  of  distilled  water 
each  time.    Transfer  the  measuring  extracts  to  a  6-liter  flask  and  mix  thoroughly 
without  unnecessary  agitation.    Immediately  measure  out  the  volumes  fdven  below  - 
for  the  following  determinations: 

(b  and  c)  Total  solids  and  ash:  Take  3  portions  of  100  cc  each. 

(d)  Total  nitrogen:  Take  3  portions  of  100  cc  each. 

(e,  f,  1)  Nitrogen  in  the  form  of  coagulable  proteids,  albumoses  by  zinc  sulphate 
and  peptones  by  bromin  in  the  filtrate  from  the  precipitate  produced  by  zinc  sul- 
phate: Take  3  portions  of  200  cc  each. 

(g)  Nitrogen  precipitated  by  tannin  and  sodium  chlorid:  Take  3  portions  of  200 
cc  each. 

(h)  Nitrogen  precipitated  by  phosphotungstic  acid  in  the  cold:  Take  3  portions  of 
200  cc  each. 

(i)  Nitrogen  in  the  form  of  ammonia:  Take  3  portions  of  200  cc  each. 

(j)  Nitrogen  precipitated  by  phosphotungstic  acid  in  the  hot:  Take  3  portions  of 
200  cc  each. 

(k)  Nitrogen  precipitated  by  bromin  in  the  cold-water  extract:  Take  3  portions  of 
200  cc  each. 

(1)  See  above  (e). 

(b)  Determination  of  toted  solids. 

Take  100  cc  portions  in  triplicate.  Evaporate  to  dryness  in  weighed  platinum 
dishes  upon  the  water  bath.  Glean  sides  and  bottoms  of  dishes  thoroughly.  Heat 
in  water  oven  for  periods  of  exactly  one  hour  until  the  weight  is  approximately 
constant. 

(c)  Determination  of  ash. 

Ignite  the  dry  residue  obtained  in  (b)  carefully  over  the  free  flame  at  a  very 
low  red  heat  until  colorless  or  nearly  so.  Weigh  quickly  and  heat  again  at  a  low 
red  heat  for  only  a  few  minutes  (2  or  3)  and  then  weigh  again.  Repeat  this  last 
treatment  until  weight  is  constant. 

(d)  Determination  of  total  nitrogen. 

Take  100  cc  portions  in  triplicate  and  determine  nitrogen  very  carefully  as  usual 
by  the  Kjeldahl  method. 

(e)  Nitrogen  precipitated  in  the  form  of  coagulated  proteids  in  neutral  solution. 

Take  200  cc  portions  in  triplicate.  Make  the  three  portions  exactly  neutral  to 
litmus  paper  by  the  addition  of  a  N/10  solution  of  sodium  hydrate  or  a  N/10  solution 
of  acetic  acid.  Heat  the  neutral  solutions  upon  a  vigorously  boiling  w^ater  bath 
stirring  frequently  so  as  not  to  allow  the  solution  to  foam  over  or  to  carry  up  the 
coagulated  proteid  upon  the  sides  of  the  beaker.  Continue  the  heating  until  any 
coagulum  that  forms  settles  completely,  leaving  a  clear  supernatant  liquid.  (The 
evaporation  was  usually  continued  until  the  volume  of  the  original  solution  was 
reduced  about  one-half.)  Filter  the  hot  solution  immediately  through  a  well-fitting 
good  nitrogen-free  filter  paper.  Wash  the  beaker,  filter,  and  precipitate  thoroughly 
with  boiling  hot  water.  Determine  nitrogen  in  the  residue  by  the  Kjeldahl  methoil, 
being  very  careful  to  get  off  all  the  coagulated  proteid  from  the  beaker  in  which  the 
precipitation  was  brought  about.  Evaporate  the  filtrate  and  washings  to  a  volume 
of  30  cc  upon  the  water  bath  and  note  whether  or  not  further  coagulation  occurs. 
If  c*oagulation  occurs  again  filter,  wash,  and  test  as  above.  Save  the  filtrate  for  the 
following  determination. 
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(f)  Determination  of  nitrogen  precipitated  by  zinc  gulphate  as  dRmmoses. 

Take  the  filtrates  obtained  from  the  above  determinations  in  (e)  and  evaporate  to 
a  volume  of  30  cc,  cool  to  room  temperature,  add  1  cc  of  50  per  cent  sulphuric  acid, 
completely  saturate  with  crystallized  zinc  sulphate.  Be  certain  the  solutions  are 
completely  saturated.  About  17  grams  of  powdered  zinc  sulphate  are  necessary  for 
the  saturation  of  each  10  cc  of  liquid  present.  The  saturated  liquid  must  contain  a 
slight  excess  of  zinc  sulphate,  but  much  of  an  excess  must  be  avoided,  as  it  is  likely 
to  cause  bumping  in  the  subsequent  determination  of  nitrogen.  After  excess  of  zinc 
sulphate  has  been  added  in  the  cold,  warm  the  solution  on  the  water  bath  until  the 
solution  is  perfectly  clear.  Stir  frequently  while  warming.  Cool  the  mixture  com- 
pletely and  filter  through  a  9-cm  nitrogen-free  filter  paper.  Wash  the  beaker,  pre- 
cipitate and  filter  paper  thoroughly  with  a  completely  saturated  solution  of  zinc  sul- 
phate, which  is  very  slightly  acidified  with  sulphuric  acid  (5  cc  of  concentrated 
sulphuric  acid  for  1,000  cc).  Determine  the  nitrogen  in  the  zinc  sulphate  precipitate 
by  the  Kjeldahl  method.  Save  the  filtrate  and  determine  the  nitrogen  precipitated 
in  the  same  by  bromin  as  directed  below  in  (1). 

(g)  Determination  of  nitrogen  precipitated  by  tannin  and  sodium  chlorid. 

Take  200  cc  portions  in  triplicate.  Transfer  the  same  to  250  cc  measuring  flasks, 
add  to  each  1  gram  of  pure  sodium  chlorid  and  a  solution  containing  12  per  cent  of 
tannin,  until  1  drop  added  to  the  clear  supernatant  liquid  gives  no  further  precipitate. 
Dilute  to  the  250  cc  mark,  shake  thoroughly,  allow  to  stand  24  hours,  filter  through 
a  dry  filter,  and  determine  the  amount  of  nitrogen  in  200  cc  of  each  filtrate.  This 
gives  the  amount  of  nitrogen  in  the  form  of  creatin,  amido-acids,  and  ammonium 
compounds  not  precipitated  by  tannin  and  salt.  The  amount  of  nitrogen  precipitated 
by  tannin  and  salt  is  obtained  by  subtracting  from  the  total  nitrogen  in  the  aqueous 
extract  the  amount  of  nitrogen  found  in  the  filtrate  from  the  tannin  and  salt. 

The  amount  of  nitrogen  in  the  form  of  peptones  is  determined  by  difference;  that 
is,  by  subtracting  from  the  total  nitrogen  in  the  cold  water  solution  the  combined 
amounts  of  nitrogen  found  in  (e),  (f),  and  (g). 

(h)  Determination  of  nitrogen  precipitated  by  plioephotungstic  acid  in  the  cold. 

Take  200  cc  portions  in  triplicate.  Transfer  the  same  to  250  cc  measuring  flasks, 
add  to  each  5  cc  of  50  per  cent  of  sulphuric  acid,  and  shake  thoroughly.  To  this  add 
phosphotungstic  acid  (prepared  as  directed  by  Wiley)  until  1  drop  gives  no  further 
precipitation  in  the  clear  supernatant  liquid.  Dilute  to  the  250  cc  mark  and  filter 
through  a  dry  filter.  Determine  the  amount  of  nitrogen  in  200  cc  of  each  filtrate. 
This  gives  the  amount  of  nitrogen  in  the  form  oi  creatin,  amido-acids,  and  ammo- 
nium compounds  not  precipitated  by  phosphotungstic  acid.  The  amount  of  nitrogen 
precipitated  by  phosphotungstic  acid  is  obtained  by  subtracting  from  the  total 
nitrogen  in  the  aqueous  extract  the  amount  of  nitrogen  found  in  the  filtrate  from 
the  phosphotungstic  precipitate.  The  amount  of  nitrogen  in  the  form  of  peptones  is 
determined  by  difference;  that  is,  by  subtracting  from  the  total  nitrogen  in  the  cold 
water  solution  the  combined  sum  of  the  amounts  of  nitrogen  found  in  (e),  (f ),  and  (h). 

(i)  Determination  of  nitrogen  as  ammonia. 

Take  200  cc  portions  in  triplicate.  Transfer  the  same  to  laiige  Kjeldahl  distiUiDg 
flasks,  add  100  cc  of  ammonia-free  water,  then  about  2  grams  of  magnef^ium  oxid  in 
the  form  of  milk  of  magnesia,  and  distill,  collecting  150  to  200  cc  of  the  <n8tillate  in 
5  cc  of  standard  hydrochloric  acid.    Ck)ntinue  the  determination  of  nitrogen  as  usual. 
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( j )  Determination  of  nitrogen  precipitated  by  pkosphotungfttic  acid  in  the  hot. 

Take  3  portions  of  200  cc  each.  Transfer  the  same  to  400  cc  beakers  (Schott  and 
Genossen).  Add  5  cc  of  50  per  cent  sulpharic  acid,  stir  thoroughly,  and  heat  the 
sohition  to  boiling  on  the  iron  plate.  Now  add  drop  by  drop  phosphotangstic  acid 
solution  until  I  drop  gives  no  further  pliecipitate  in  the  clear  supernatant  liquid. 
Maintain  the  boiling  temperature  for  about  5  minutes  after  precipitation  is  complete. 
Immediately  filter  the  hot  solution  through  a  nitrogen-free  filter,  recently  prepared 
with  the  use  of  boiling  water.  While  filtering  keep  the  liquid  hot  (90-100°  C). 
Wash  the  b«aker,  filter  and  precipitate  thoroughly  with  hot  water,  having  a  tem- 
perature of  95-100°.  Be  careful  the  temperature  of  the  solution  and  wash  water  is 
not  less  than  90°  C.  at  any  time.  Determine  the  nitrogen  in  the  precipitate  produced 
by  the  phosphotungstic  acid  by  the  Kjeldahl  method. 

(k)  Determination  of  nitrogen  precipitated  by  bromin  directly  in  the  cold  water  extract. 

Take  3  portions  of  200  cc  each.  Transfer  to  Kjeldahl  digestion  flasks,  acidify  with 
2  cc  of  normal  hydrochloric  acid,  add  about  2  cc  of  liquid  bromin,  and  shake  the 
contents  of  the  flask  very  vigorously  for  some  time  (2  or  3  minutes  at  least).  If  the 
bromin  is  all  taken  up,  add  more  until  about  0.5  cc  of  liquid  bromin  is  left  undis- 
solved and  the  supernatant  liquid  is  thoroughly  saturated  with  bromin.  Allow  the 
mixture  to  stand  for  24  hours,  decant  the  supernatant  liquid  through  a  double  quan- 
titative, nitrogen-free  filter,  and  wash  completely  the  flask,  residue,  and  filter  with 
water  thoroughly  saturated  with  bromin.  Be  sure  the  water  is  completely  saturated 
with  bromin.  Return  the  filter  and  precipitate  to  the  Kjeldahl  flask  and  determine 
the  nitrogen  as  usual. 

(1)  Determination  of  nitrogen  precipitated  by  bromin  in  the  fUtrate  from  the  zinc  rndphale 

precipitate. 

To  the  entire  zinc  sulphate  flltrate  add  2  cc  of  normal  hydrochloric  acid,  dilute 
with  an  equal  volume  of  water,  and  proceed  with  the  determination  as  directed 
above  in  (k). 

The  results  obtamed  are  tabulated  below  in  the  two  tables  which  follow.  In  Table 
No.  1  the  results  are  expressed  in  percentages  of  the  weight  of  the  original  meat. 
In  Table  No.  2  the  results  are  expressed  in  percentages  of  total  weight  of  nitrogen 
soluble  in  water.  The  data  in  both  these  tables  were  taken  from  tables  in  which 
the  results  had  been  calculated  to  the  fourth  place  decimal,  and  for  that  reason  there 
may  in  certain  cases  l)e  apparently  slight  inaccuracies  in  the  calculation  as  a  result 
of  condensing  the  same  to  the  form  in  which  they  are  here  presented. 
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Table  Jl.^Summartj  of  nitrogen  determinations  in  cold-^waier  extrcuis  of  meaiK. 
[Results  expressed  in  percentages  of  total  nitrogen  soluble  in  cold  water.] 


Kind  of  meat. 

Nitrogen. 

Lab- 
ora- 
tory 
No. 

(1) 

Ck>ag- 

ulated 

by 

heat. 

W 
Pre- 
cipi- 
tated 

zinc 
sul- 
phate 
infil- 
trate 
froml. 

(3) 

Pre- 
cipi- 
tated 
bybro- 
min  in 
filtrate 
from 
zinc 
sul- 
phate. 

(4) 

Ppo- 
teld 
nitpo- 

a+2 

+3.) 

(5) 

Non- 

nitro- 
gen. 

(6) 

Pre- 
cipi- 
tated 

bro- 
mln 
direct- 
ly. 

cipi- 
tated 

^y 
phoft- 

pho- 
tunga- 

tic 
acid  in 
hot 
solu- 
tion. 

(«) 

Pre- 
cipi- 
tated 
by  tan- 
nin 
and 
salt. 

cipl- 
tated 

pho0- 
pho- 
tungs- 

tic 
acid  in 
cold, 
solu- 
tion. 

(lO) 

As  free 
am- 
mo- 
nia. 

1649 
1685 

Beef,  sirloin,  raw 

do 

39.30 
48.48 
54.52 
39.63 
48.97 
46.14 
46.36 

Perct. 
8.00 
2.63 
8.42 
2.77 
4.39 
8.44 
6.11 
3.66 

Perct. 

2.60 
.68 
.88 

1.64 
.59 
.46 

1.40 

2.29 

> 

Psrct. 
49.90 
51.79 
58.77 
44.04 
53.95 
50.04 
52.87 
46.62 

PereL 
50.10 
48.21 
41.23 
55.96 
46.05 
49.96 
47.13 
58.88 

PercL 
39.37 
44.13 
39.16 
43.24 
40.22 
31.41 
43.33 
84.71 

PereL 
23.82 
47.64 
48.15 
46.04 
48.88 
46.98 
45.48 
86.14 

Peret, 
50.78 
54.15 
47.64 
51.94 
48.98 
49.12 
51.68 
44.56 

Peret. 
50.17 
48.43 
51.15 
57.17 
49.52 
48.94 
49.03 
38.97 

PercL 

1.11 
6.54 
2.88 
2.67 
2.67 
1  57 

1667 
1671 
1676 
1677 
1656 

Beef,  neck,  raw 

Beef,  flanlc,  raw 

Beef,  rump,  raw 

Beef,  round,  raw 

Veal,  leg,  raw 

1662 

do 

Average,  raw 
meats 

40.66 

3.06 

45.51 

4.18 

1.31 

50.99 

49.01 

39.46 

42.95 

49.88 

49.17 

2.86 

1665 
1673 
1652 
1653 

Beef,  neck,  boiled 

Beef,  rump,  boiled 

Veal,  leg,  boiled 

do 

1.58 
4.63 
3.22 
5.61 
1.26 
8.13 

15.42 
19.84 
9.06 
16.10 
14.92 
15.55 

5.60 
4.30 
4.18 
4.22 
10.24 
4.01 

22.60 
28.77 
16.41 
25.98 
26.42 
22.68 

77.40 
71.23 
83.59 
74.  C7 
73.58 
77.37 

13.53 
4.86 

17.23 
8.78 

14.44 

13.00 

8.16 
13.23 
14.71 

2.76 
11.08 
11.37 

24.34 
33.44 
18.08 
16.14 
25.32 
19.91 

28.05 
48.09 
28.87 
20.85 
31.25 
14.68 

8.99 
8.50 

1.82 

1658 
1664 

do 

do 

Average,  boiled 
meats 

2.57 
9.43 

3.24 

15.16 

5.42 

23.79 

76.21 

11.97 

10.21 

22.71 

26.79 

6  16 

Beef,   rump,  pan 
broiled 

1674 

2.22 

8.21 
17.35 
29.95 

2.69 
.63 

7.18 

5.96 
4.65 
3.64 
7.49 
8.59 

1.88 

1.88 
1.32 
1.14 
3.56 
4.16 

11.28 

16.05 
23.32 
34.78 
13.72 
13.38 

88.72 

83.95 
76.68 
65.27 
86.28 
86.62 

6.33 

13.48 
19.21 
30.47 
8.12 
6.02 

10.05 

15.09 
18.78 
31.39 
8.26 
6.16 

.21 

16.25 
18.36 
84.48 
5.25 
8.08 

5.27 

18.17 
19.64 
36.86 
1.70 
6.71 

4.77 

1687 

Beef,   sirloin,  gas 
broiled 

1.19 

1688 

do 

3.86 

1689 

do 

l.i^ 

1669 
1660 

Veal,  leg,  pan  broiled . . 
Veal,  leg,  roasted 

Average  for  last 
six 

4.98 
6.87 

10.17       6.26 

2.32 

1«  74 

81.26 

13.77 

14.95 

13.76 

14.47 

a85 

Average  for  all 
determinations 



22.23 

8.09 

2.85 

33.16 

66.84 

23.60 

24.73 

30.87 

82.05 

8.69 

DisccBBiON  OF  Results. 

In  general  it  may  be  said  that  while  the  triplicate  determinations  upon  each  sam- 
ple agree  fairly  well,  the  results  obtained  with  the  different  methods  upon  different 
samples  of  meats  vary  greatly.  For  example,  in  No.  1671  the  nitrogen  precipitated 
by  bromin  forms  98  per  c^ent  of  the  total  proteid  nitrogen,  while  in  No.  1677  the 
nitrogen  precipitated  by  bromin  forms  only  about  63  per  cent  of  the  total  proteid 
nitrogen.  A  comparison  of  the  other  methods  show  similar  results.  It  does  not 
seem  probable  that  different  cuts  of  meats  or  that  meats  from  different  animals  would 
be  so  different  in  composition  as  to  give  suvh  results.  On  the  other  hand,  the  sev- 
eral determinations  have  been  made  with  the  greatest  precautions,  and  it  does  not 
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seem  posfiible  at  the  present  writing  that  such  large  variations  can  be  due  to  tlie 
methods  as  now  used.  Further  investigation  of  this  subject  is  now  under  way,  and 
it  is  hoped  that  the  additional  results  which  will  soon  be  obtained  will  lead  to  a  solu- 
tion of  this  question. 

( 1 )  Nitrogen  coagulated  by  heat. 

In  connection  with  the  investigations  which  are  being  made  in  this  laboratory  it 
seems  quite  desirable  to  determine  directly  the  amount  of  coaguable  proteids  con- 
tained in  water  extracts  of  meats.  At  first  much  difficulty  was  encountered  in  this 
determination  in  getting  even  fairly  concordant  results.  In  our  work  even  a  very 
slight  excess  of  acetic  acid  has  decidedly  interfered  with  the  complete  separation  and 
proper  coagulation  of  the  coaguable  proteids.  Under  such  conditions  the  proteid 
separates  as  a  slimy  film  upon  the  surface  of  the  liquid,  the  coagulation  is  not  com- 
plete, and  filtration  takes  place  very  slowly.  In  all  such  cases  an  additional  separa- 
tion takes  place  upon  further  evaporation  of  the  filtrate  for  the  precipitation  of 
albumoses.  In  fact,  separation  of  additional  proteid  continues  until  the  solution  is 
evaporated  to  dryness  upon  the  water  bath.  This  incomplete  coagulation  resulted 
even  when  2  cc  of  N/10  acetic  acid  was  used.  Such  difficulties  were  not  so  apparent 
in  the  analysis  of  cold-water  extracts  from  cooked  meats,  which,  however,  con- 
tained as  a  rule  very  slight  amounts  of  coaguable  proteids. 

In  order  to  overcome  these  difficulties  the  coagulation  in  the  later  determinations 
was  brought  about  in  a  neutral  solution,  after  some  preliminary  experiments  had 
prove<l  conclusively  that  under  such  conditions  the  precipitation  of  coaguable  matter 
was  more  complete,  that  the  filtration  under  such  conditions  always  took  plact* 
readily,  and  that  more  concordant  results  were  obtained.  It  was  also  proved  that 
the  coagulation  was  more  complete  when  the  solutions  were  made  neutral  to  litmus 
paper  than  it  was  when  the  solutions  were  made  neutral  to  phenolphthaleLa.  This 
fact  is  shown  by  the  following  data: 

Tablb  hi. — Coagtdalion  in  neutral  solutions. 


Solutions. 

I. 

II. 

Total  nitrogen  In  water  extract 

Percent. 

0.765 

.303 

.266 

Per  cent. 
0.  TftS 

NitiYMTPn  ooairnlated  in  Bolntion  neutral  to  litmuM  paper ,r,r- 

808 

Nitrogen  coagulated  in  solution  neutral  to  phenolphthaleln 

.269 

In  onler  to  make  the  solutions  from  the  water  extracts  of  meats  neutral  to  phenol- 
phthalein  it  in  all  cases  required  the  addition  of  1  to  3  cc  of  N/10  sodium  hydroxid 
more  than  it  did  to  make  the  solutions  neutral  to  litmus  paper.  Further  studies  are 
now  being  made  upon  this  subject. 

(2)  Nitrogen  precipUated  by  bromin. 

The  results  reported  in  this  connection  confirm  Bigelow  and  Harcourt's  statement, ^^ 
namely,  '*that  the  bromin  precipitation  from  the  original  solution  was  found  to  hold 
only  a  small  and  variable  portion  of  the  proteids  present."  W.  D.  Bigelow, ^  also 
says  ''that  more  recent  results  in  this  laboratory  indicate  that  bromin  does  not  pre- 
cipitate from  aqueous  solution  all  the  proteoses  and  peptone  present;  at  the  same 
time,  considering  the  small  amount  of  these  bodies  ccmtained  in  meat,  it  is  believed 
that  the  results  are  approximately  correct.'' 

Van  Sly ke<^  and  al-so  Schjerning*' have  shown  that  bromin  does  not  completely 
precipitate  milk  proteids  and  their  derived  caseoses  and  peptones. 

a  J,  Amer.  Chem.  Soc,  1901,  23:  8,  Proceedings. 
&U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  13  (part  10),  p.  1396. 
'^Chem.  News,  1903,  88:  92. 
•      ''Zeit  anal.  Chem.',  1900,  89:  545. 
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Fraps  and  Bizzell''  concludecl  from  a  study  of  the  applit-Ation  of  the  bromin  method 
to  the  detenniiiatioii  of  vegetable  proteids  that  bromin  is  not  a  suitable  precipitant 
for  proteids  in  vegetable  materials. 

It  is  evident  from  the  results  here  presented  that  bromin  does  not  even  precipitate 
all  of  the  proteid  which  is  coagulated  by  heat  in  the  case  of  raw  meats.  Assuming 
that  the  sum  of  the  nitrogen  coagulated  by  heat,  precipitated  by  zinc  sulphate,  and 
precipitated  by  bromin  in  the  filtrate  from  the  zinc  sulphate  precipitate  represents 
the  total  proteid  nitrogen  in  the  water  extracts  of  meats,  then  the  bromin  precipitates 
77.37  per  cent  of  the  proteid  nitrogen  in  raw  meats,  50.31  of  the  proteid  nitrogen  in 
boileti  meats,  and  73.48  per  cent  of  the  proteid  nitrogen  in  broiled  or  roasted  meats 
which  is  soluble  in  water. 

(3)  Nitrogen  precipitated  by  phosphotungstic  acid  in  hot  solution. 

The  results  obtained  in  this  work  show  that  phosphotungstic  acid  at  a  temi)erature 
between  90°  to  98°,  fails  to  precipitate  all  of  the  proteid  material.  In  fact,  it  gives 
but  slightly  higher  results  than  does  bromin. 

Mallet  b  proposed  the  use  of  phosphotungstic  acid  at  90°  for  precipitating  proteids. 

Fraps  and  Bizzell  <?  found  in  their  work  that  phosphotungstic  add  did  not  precip- 
itate vegetable  proteids  completely  at  90°  or  100°,  but  that  this  reagent  at  60°  pre- 
cipitates very  nearly  the  same  quantity  of  nitrogen  (with  vegetable  materials)  as 
copper  hydroxid. 

(4)  Nitrogen  precipitated  by  tannin  and  salt  and  nitrogen  precipitated  by  pliogphotungstic 

acid  in  the  cold. 

The  amount  of  nitrogen  precipitated  by  these  reagents  in  a  number  of  cases  are 
nearly  alike,  in  other  cases  there  is  a  wide  difference  in  their  precipitating  jwwer. 
The  average  results,  however,  show  that  in  raw,  broiled,  and  roasted  meats  they 
precipitate  about  equal  amounts  of  nitrogenous  substances,  while  in  the  water  extracts 
of  boiled  meats,  the  phosphotungstic  acid  precipitates  more  than  does  the  tannin 
and  salt. 

(5)  Nitrogen  as  free  ammonia. 

The  results  show  that  there  is  a  small  amount  of  nitrogen  as  ammonia  or  ammonium 
salts. 

The  President.  I  believe  there  is  also  a  paper  on  the  separation 
of  proteids  in  cereals  to  be  presented. 

DETEBMHIATION    OF  GLIADDT  AND    GLUTENIir    DT  FLOUB  BY  THE 
PLETIEEirr.MANGET  METHOD. 

By  Joseph  S.  Chamberlain. 

Moisture. 

Moisture  was  determined  in  the  air  dry  sample  by  the  following  method  suggested 
by  A.  McGill,  referee  on  cereal  products: 

It  is  impractical,  if  not  impossible,  to  dry  flour  and  similar  starchy  material  to 
constant  weight  below  a  temperature  of  105°  C.  If  exposed  to  air  at  this  tempera- 
ture for  any  considerable  time,  a  notable  increase  of  weight  by  oxidation  occurs, 
especialljr  in  the  presence  of  fats.  For  this  reason  an  atmosphere  of  hydrogen  or 
coal  j^as  IS  necessary,  and  especially  is  this  true  if  any  component  is  to  be  estimated 
by  difference,  when  the  error  in  water  determination  enters  into  such  estimation. 
The  error  due  to  the  cause  named  may  easily  reach  2  or  3  per  cent. 

« J.  Amer.  Chem.  Soc.,  1900,  22:  709. 

6U.  S.  Dept  of  Agr.,  Div.  of  Chem.,  Bui.  No.  54. 

cj.  Amer.  Chem.  Soc.,  1900,  22:  709. 
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On  account  of  the  convenience  of  coal  gas  this  is  generally  used;  and  a  very  prac- 
tical form  of  dryine  oven  can  l)e  made  by  inserting  a  metal  tube  of  4-inch  diameter 
through  the  oil  batn  used  in  hydrolysis  of  starch,  'ihis  tube  may  have  ends  clamped 
on  gas-tight  and  carrying  nippies  fitted  with  rubber  tubing  by  which  the  dry  gas  is 
conveyed  from  the  supply  pipe.  A  tin  tray  to  fit  the  bottom  of  the  tube  makes  it 
eas^  to  manipulate  the  samples  to  be  dried;  and  these  must  be  weighed  in  ordinary 
weighing  bottles,  or  paired  watch  glasses,  owing  to  the  great  hygroscopicity  of  the 
dry  starch.  Two  hours*  exposure  at  105°  C,  using  2  grams  of  material  and  about  2 
cubic  feet  of  carefully  dried  coal  gas  per  hour  is  sufficient  for  perfect  desiccation. 

Increase  of  weight  through  oxidation  by  air  is  very  slow,  indeed  negligible  for 
most  purposes  at  temperature  below  80°,  so  that  the  preliminary  drying  of  the  sam- 
ples at  this  temperature  may  be  effected  in  air,  if  desired. 

Owing  to  the  great  hygroscopicity  of  dry  starch,  it  is  not  recommended  to  weigh 
out  from  the  dry  sample.  It  is  preferable  to  let  the  sample  come  into  hygroscopic 
equilibrium  with  the  air,  and  to  keep  it  in  carefully  closed  containers. 

The  results  obtained  by  this  method  on  the  three  samples  of  fiour  were  as  follows: 


Serial  No. '  Moisture. 

1 

6634 

6536 

6586 

PereaU, 
18.79 
12.25 
12.77 

All  of  the  results  in  this  report  are  determined  on  air-dry  material  and  calculated 
to  dry  material  on  the  basis  of  the  above  results  for  moisture. 

The  Fleurbnt-Manget  Method. 

Fleurent<>  gives  the  following  method  for  the  determination  of  gliadin  and  glutenin 
in  flour: 

A  potash  solution  containing  from  3  to  3.5  grams  of  potassium  hydroxid  per  liter 
is  prepared  with  70  per  cent  alcohol.  The  gluten  from  33.4  grams  flour  is  triturated 
in  a  mortar  with  portions  of  the  alkaline  solution,  and  the  liquid  transferred  to  a 
stoppered  flask  until  150  cc  is  made  up.  In  the  flask,  to  which  some  glass  l)eads  are 
added,  the  liquid  is  violently  shaken  d'lring  an  hour  until  the  gliadin  is  completely 
dissolved  and  the  glutenin  emulsified.  On  passing  carbon  dioxid  into  the  liquid, 
the  glutenin  is  precipitated,  and  the  clear  liquid,  containing  the  gliadin,  is  (in 
aliquot  part)  dried  at  105°,  after  filtration,  and  weighed.  From  this  weight  must 
be  taken  the  weight  of  carbonate  of  pota.«h  in  50  cc  of  the  solvent;  the  difference  is 
the  weight  of  dry  gliadin,  and  can  easily  be  calculated  to  a  percentage  on  the  flour. 
The  glutenin  per  cent  is  determined*  by  subtracting  the  gliadin  from  the  total 
gluten,  determined  on  a  separate  portion  of  the  flour. 

From  extensive  acquaintance  with  wheat  flours  of  commerce,  Fleurent  gives  the 
following  limits:  Glutenin,  from  18  to  40  per  cent  gluten;  gliadin,  from  32  to  60  per 
cent  gluten;  and  adds: 

Bread  made  with  a  flour  whose  gluten  contains  as  little  as  20  per  cent  glutenin 
rises  well  during  fermentation,  but  flattens  in  the  baking.  One  always  uses  too 
much  water  v.'ith  such  a  flour.  When  the  gluten  approaches  34  per  cent  of  glutenin, 
the  dough  neither  rises  during  fermentation  nor  in  the  oven,  and  the  bread  remains 
heavy  and  indigestible.  Variations  of  2  per  cent  in  glutenin  (from  the  normal  25 
per  cent)  give  rise  to  differences  in  the  bread  which  are  quite  recognizable  to  the 
expert  baker. « 

Dr.  Ch.  Manget  ^  suggests  the  following  improvements  upon  Fleurent*s  process: 

Alcohol  of  71  per  cent  is  employed  because  the  water  in  the  gluten  reduces  the 
strength  to  70  per  cent. 


« Manuel  I'analyse  chiinique,  1898,  pp.  308-314. 
frRev.  intern,  des  falsif.,  1902,  p.  91. 
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The  alcoholic  potash  solution  is  made  as  follows:  Alcohol  of  95  per  cent  at  15°, 
775  cc;  aqueous  potassium  hydroxid  of  22  grams,  per  liter,  100  cc;  distilled  water, 
to  make  1  liter. 

In  order  to  obtain  a  correction  for  the  weight  to  be  deducted  from  the  gluten 
extract  a  mixture  of  100  cc  of  the  alcoholic  potash  with  50  cc  alcohol  (of  71  per  cent) 
is  saturated  with  carbon  dioxid  and  one-third  of  the  resulting  solution  evaporated  to 
dryness  at  105°.     ( Weight=R). 

The  determination  is  made  by  washing  out  the  gluten  from  30  grams  of  flour  with 
a  solution  of  chlorid  of  sodium  (1  gram  per  liter).  The  separated  gluten  is  air  dried 
for  one  hour  and  weighed  (moist  gluten). 

It  is  then  shaken  up  with  100  cc  of  the  alcoholic  potash,  in  a  stoppered  bottle, 
furnished  with  glass  beads,  until  a  uniform  emulsion  is  formed.  This  is  transferred 
to  a  flask  marked  at  150  cc  (or,  better,  specially  graduated  to  allow  for  the  volume 
of  the  moist  gluten)  and  the  washings  of  the  bottle  (71  per  cent  alcohol)  are  added, 
to  make  up  to  the  mark.  After  very  thorough  agitation,  50  cc  is  poured  out  and 
dried,  after  supersaturation  with  carbon  dioxid  at  105°.  The  residue,  less  "R," 
gives  dry  gluten.  The  difference  between  this  number  and  that  previously  found, 
gives  moisture  in  moist  gluten.  The  remainder  of  the  solution  is  treated  with  car- 
bon dioxid  in  excess,  and  50  cc  is  filtered  off  and  dried  at  105°.  The  residue  is 
gliadin  from  10  ^ras  flour  (together  with  the  weight  R,  which  must  be  deducted). 
Glutenin  is  obtained  by  difference. 

In  the  following  work  this  method  was  followed,  with  two  exceptions:  (1)  A 1  per 
cent  sodium  chlorid  solution  was  used  as  wash  water  for  determining  gluten  instead 
of  a  0.1  per  cent  solution.  This  modification  was  introduced  because  it  had  been 
found  from  previous  work  that  the  more  dilute  the  salt  solution,  the  more  gliadin 
was  dissolved  in  washing  and  lost.  (2)  In  obtaining  the  glutenin  by  subtraction 
Fleurent's  original  method  was  used  and  the  gliadin  subtracted  from  the  weight  of 
dry  gluten  dried  at  105°  to  110°  instead  of  from  the  dry  gluten  as  determined  by 
Manget  At  the  same  time  that  aliquot  portions  of  the  gliadin- containing  filtrate 
were  taken  for  the  determination  just  described,  similar  portions  were  taken  for 
nitrogen  determinations,  which  were  made  by  the  Gunning  method  by  T.  C.  Treecot, 
of  the  Bureau  of  Chemistry.  The  results  obtained  for  gliadin  and  nitrogen  are 
given  in  Table  I: 

Table  1. — Comparison  of  gliadin  by  tmght  and  by  nitrogen  determinations, 

[On  dry  flours.] 


Description  of  sample. 

Gliadin. 

Sample 
number. 

By  Fleu- 

rent's 

method 

(weight). 

By  nitrogen  detei^ 
mination. 

Nitrogen 

in 
gliadin. 

NX6.68. 

NX6.25. 

6684 
6535 
6536 

"Straight"  flour  from  Kansas  hard  winter  wheat. 

"Straight"  flour  from  imported  macaroni  wheat. 

"Straight"  flour  from  North  Dakota  macaroni 
wheat 

Percent, 
8.77 
8.60 
12.72 
12.44 

11.84 
11.83 
11.95 
11.97 

Percent 
7.78 
7.62 
11.42 
11.30 

10.68 
10.56 

Percent. 
8.56 
8.27 
12.56 
12.25 

11.76 
11.62 

Percent. 
16.43 

16.18 

15.  OT 

It  will  be  seen  that  the  results  from  the  nitrogen  determinations  agree  quite  cloeely 
with  those  obtained  gravimetrically  if  the  factor  6.25  is  used.  This  fact  is  apparently 
substantiated  by  the  determination  of  the  percentage  of  nitrogen  in  the  dry  gliadin 
determined  by  Fleurent's  method.  The  gliadin  residues  were  washed  into  a  Kjel- 
dahl  flask  and  the  nitrogen  determined  with  the  results  given  in  the  last  column  of 
Table  1.  These  results  agree  quite  closely  with  the  theoretical  16  per  cent  of  nitrogen 
corresponding  to  the  proteid  factor  6.25,  but  do  not  agree  with  the  per  cent  17.60 
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corresponding  to  the  factor  5.68.  It  must  be  said,  however,  that  there  is  no  evidence 
that  the  weight  of  gliadin  taken,  upon  which  the  per  cents  are  figured,  represents 
pure  proteid.  On  the  contrary,  the  probabilities  are  that  the  residue,  after  allowing 
for  the  potassium  carbonate  formed  in  the  neutralization  of  the  alcoholic  potash 
solution,  does  not  consist  of  perfectly  pure  gliadin. 

Osborne  and  Voorhees  «  give  17.66  per  cent  of  nitrogen  in  gliadin  and  17.49  per 
cent  in  glutenin,  purified  as  perfectly  as  possible,  and  use  5.68  as  the  factor  for  the 
two  corresponding  to  a  nitrogen  content  of  17.60  per  cent  These  results,  if  accepted 
as  correct,  show  that  the  gliadin  as  determined  by  Fleurent's  method  is  not  pure 
proteid,  although  it  is  more  nearly  so  than  the  gluten  itself,  as  is  shown  by  succeed- 
ing analyses.  That  this  is  so,  and  also  that  the  gliadin  as  obtained  by  Fleurent's 
method  is  not  the  gliadin  as  it  exists  in  the  wheat,  is  further  indicated  by  the 
following  results. 

By  the  method  as  described,  as  well  as  in  many  analyses  of  wheat  and  flour  made 
by  other  methods,  the  gliadin  and  glutenin  are  determined  in  the  gluten  as  obtained 
by  washing  out  in  water  or  dilute  salt  solutions.  The  following  facts,  bearing  upon 
the  question  of  the  composition  of  gluten  and  its  relation  to  the  proteids  of  flour, 
were  obtained  by  washing  out  the  gluten  in  a  slow  stream  of  a  1  per  cent  sodium 
chlorid  solution  and  then  determining  the  percentage  of  nitrogen  in  the  dry  gluten. 
These  results  are  given  in  Table  II. 

Table  II. — The  composition  of  gluten  in  relalion  to  the  proteids  of  floury  with  special 
reference  to  the  effect  of  the  1  per  cent  sodium  chlorid  vxuhing  solution. 

[Calculated  to  dry  flour.] 


number. 

Gluten. 
(Bywash- 

Inglnl 
per  cent 

NaCJ 
Bolution.) 

Nitrogen, 
In  gluten. 

(3) 

True 
gluten. 

(N.in 
gluten 
X6.68.) 

(4) 

Nonpro- 
teidln 
gluten. 
(1-8.) 

(5) 

Total 

proteld 

in  flour. 

(NX6.68.) 

(6) 

Proteld 

lost  In 

washing. 

(5-3.) 

(7) 

Proteld 
soluble 
Inl  per 
centNaCl 
solution. 

(8) 

True 
proteld. 
(8+7.) 

6584 
6536 
6536 

Percent. 
\    16.10 
1    14.61 
18.40 
17.60 
15.48 
15.87 

Percent. 
18.63 
13.24 
12.80 

13.60 
18.69 

Per  cenL 
11.64 
10.96 
18.40 
12.78 
11.93 
11.87 

Percent. 
8.46 
3.65 
5.00 
4.82 
8.55  . 
8.60 

Percent. 
14.48 
14.87 
17.88 
17.72 
16.07 
16.06 

Percent. 
2.79 
3.41 
4.43 
4.94 
4.14 
4.19 

Percent. 
8.07 
8.29 
4.09 
4.43 
4.16 
8.69 

Percent. 
14.71 
14.25 
17.49 
17.21 
16.06 
16.56 

On  the  glutens  as  given  in  column  1  the  percentage  of  nitrogen  was  determined  by 
the  Gunning  method,  with  the  results  given  in  column  2.  These  figures  show  that 
dry  gluten,  as  ordinarily  obtained  and  weighed,  and  on  which  the  results  in 
Fleurent's  method  are  based,  contains  several  per  cent  of  nonproteid  material.  From 
the  nitrogen  determinations  are  obtained  the  amounts  of  proteid  actually  present  in 
the  gluten  which  are  given  as  per  cents  of  dry  flour  in  column  3  of  the  above  table. 
By  subtracting  these  results  from  the  gluten  as  weighed  the  amount  of  nonproteid 
material  present  in  the  gluten  is  obtained  as  given  in  the  following  column.  These 
figures  represent  the  material  present  with  the  gluten  and  considered  as  such,  which 
should  not  be  included,  as  it  is  not  proteid.  Consequently  if  the  results  for  gliadin 
and  glutenin  are  determined  on  this  basis  they  can  not  be  correct. 

Again,  from  the  true  gluten  determination,  it  is  seen  that  not  only  does  the  gluten 
as  washed  out  contain  nonproteid  material  but  the  amount  of  proteid  found  in  the 
gluten  is  less  by  several  per  cent  than  the  total  proteid  contents  of  the  flours.  The 
difference  between  the  total  proteids  found  by  nitrogen  determination  and  the  true 
gluten,  or  the  amount  of  real  proteid  present  in  the  gluten,  is  shown  in  column  6  of 
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Table  II,  and  indicates  that  there  is  a  loss  of  from  2.79  to  4.94  per  cent  of  proteida  in 
the  washing  out  of  the  gluten  with  a  1  percent  sodium  chlorid  solution.  ThisreeuJt 
was  to  be  expected,  as  a  certain  amount  of  the  proteids  of  flour  is  known  to  be  readily 
soluble  in  dilute  salt  solutions.  In  column  7  is  given  the  percentage  of  the  proteids 
found  to  be  soluble  by  extraction  in  a  1  per  cent  sodium  chlorid  solution,  and  these 
figures  agree  in  general  with  those  given  in  the  preceding  column.  If  to  the  true 
gluten  is  added  the  amount  of  proteid  soluble  in  the  washing  solution  the  total  pro- 
teid  present  in  the  flour  is  obtained.  These  figures,  as  given  in  the  last  column  of  the 
table,  should  agree  in  general  with  the  results  for  total  proteids  based  on  nitrogen 
determinations  as  given  in  column  6. 

The  determination  of  gliadin  and  glutenin,  therefore,  by  Fleurent's  method,  using 
the  gluten  obtained  by  washing  out  with  a  1  per  cent  sodium  chlorid  solution,  does 
not  give  accurate  results  unless  corrections  are  made  both  for  the  nonproteid  material 
contained  in  the  gluten  and  for  the  loss  in  washing  of  all,  or  nearly  all,  of  the  pro- 
teids soluble  in  a  1  per  cent  sodium  chlorid  solution.  It  remains  to  show  whether 
or  not  the  soluble  proteid  obtained  from  the  gluten  by  solution  in  alcoholic  potash 
and  the  subsequent  precipitation  of  the  insoluble  proteid  by  neutralization  with 
carbon  dloxid  is  in  reality  gliadin,  or  whether  with  the  gliadin  other  proteids  are 
included. 

Extraction  of  Flour  with  Salt  Solutions  and  with  70  per  cent  Alcohol. 

As  previously  stated  it  was  found  that  the  more  dilute  the  salt  solution  used  for 
extraction  the  more  gliadin  or  alcohol-soluble  proteid  was  dissolved.  By  extracting 
the  air-dry  flour  with  salt  solutions  of  varying  strengths  the  following  results  were 
obtained : 

Table  III. — Average  amounts  of  proteid  extracted  by  mlt  solutions  of  varying  strength. 

[Calculated  to  dry  flour.] 


Sample 

Sodium  chlorid. 

Potassium 
sulphate, 
6  percent 
solution. 

1  percent 
tM>lution. 

6  per  cent 
solution. 

10  per  cent 
solution. 

6534 
6585 
6586 

Percent. 
3.29 
4.43 
4.15 

Percent. 
2.73 
3.46 
8.52 

Percent. 
2.20 
3.86 
2.83 

PercetU. 
2.16 
8.29 
2.78 

It  is  thus  shown  that  a  5  per  cent  solution  of  potassium  sulphate  extracts  practi- 
cally the  same  amount  of  proteids  as  a  10  per  cent  solution  of  sodium  chlorid.  Osborne 
and  Voorhees  used  10  per  cent  sodium  chlorid  in  their  work,  but  as  it  was  necessary 
to  determine  the  nitrogen  in  the  filtrate  a  5  per  cent  potassium  sulphate  solution  was 
adopted  as  preferable  because  it  gives  off  no  hydrochloric-acid  gas  during  digestion. 
The  difference  between  the  proteids  extracted  with  1  per  cent  sodium  chlorid  and  5 
per  cent  potassium  sulphate  represents  the  extra  amount  of  proteid,  probably 
gliadin,  extracted  by  the  1  per  cent  sodium  chlorid. 

By  extracting  air-dry  flour  with  70  per  cent  alcohol  (sp.  gr.,  0.89)  for  varying  lengths 
of  time  and  at  different  temperatures,  it  was  found  that  extraction  for  from  eighteen 
to  forty-eight  hours  at  a  temp)erature  of  from  25°  to  30°  C.  yielded  the  maximum 
amount  of  soluble  proteid.  Three  extractions  each  for  a  total  additional  time  of 
seventy-two  hours  yielded  only  0.23,  0.22,  and  0.20  per  cent  increase,  respectively,  of 
soluble  proteid.  It  is  therefore  believed  that  a  simple  extraction  by  standing,  after  a 
thorough  shaking,  for  eighteen  to  twenty-four  hours,  or,  better,  a  vigorous  shaking  for 
six  to  eight  hours,  dissolves  practically  all  of  the  proteids  soluble  in  dilute  alcohol. 
The  resulte  obtained  for  soluble  and  insoluble  proteids  in  the  70  per  cent  alcohol 
solution  are  given  in  the  first  two  columns  of  Table  IV. 
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Tabus  IW  ,^-Exlraclion  tvUh  70  per  cent  alcohol  and  6  per  cent  potassium  sulphate. 
[Calculated  to  dry  flour.] 


Sample 
number. 

(1) 

Proteid  ex- 
tracted by 
70  per  cent 
alcohol 

(18-48  hrs.). 

(«) 

Proteid  in- 
soluble in 
70  per  cent 
alcohol. 

(8) 
Proteid  ex- 
tracted 
from  insol- 
uble resi- 
due by  5  per 
cent  solu- 
tion KjS04. 

Proteid  ex- 
tracted di- 
rectly from 
flour  by  5 
per  cent 
solution 
K^04. 

(5) 

Proteids  in 
alcohol  ex- 
tract solu- 
ble in  salt 
solution 
(4-3). 

(6) 

Glutenin 

(2-3). 

(7) 

Gliadin 
(1-6). 

Per  cent. 
6.35 
6.47 
7.38 
7.27 
7.10 
6.82 

6534 
6535 
6536 

Percent. 
1          8. 12 
1         8.18 
j        10.22 
I        10.28 
r         9.26 
I         9.03 

Percent. 
6.71 
6.47 
7.55 
7.66 
7.04 
7.34 

Per  cent. 
0.45 

0.45 

0.57 

Percent. 
2.22 
2.16 
3.29 
3.46 
2.78 
2.78 

Per  cetU. 
1.77 
1.71 
2.84 
3.01 
2.16 
2.21 

Per  cent. 
6.26 
6.02 
7.10 
7.21 
6.47 
6.77 

It  was  found  by  extracting  the  insoluble  residue  from  the  alcohol  extraction  with  5 
per  cent  potassium  sulphate  solution  that  only  very  small  amounts  of  proteids  were 
obtained,  amounting  to  about  20  per  cent  of  the  total  proteids  soluble  in  that  reagent. 
These  results  are  given  in  column  3  of  the  above  table.  An  average  of  nineteen 
other  determinations  of  the  same  factor  gave  0.60  per  cent  of  the  dry  flour.  This 
shows  that  the  larger  part  of  the  proteids  soluble  in  a  5  per  cent  potassium  sulphate 
solution  is  removed  when  flour  is  extracted  with  70  per  cent  alcohol.  The  residue 
from  the  alcohol  extract,  as  given  in  column  2,  will  consist,  therefore,  of  the  glutenin 
plus  the  small  amount  of  proteids  soluble  in  salt  solutions  which  has  not  been 
extracted  by  the  alcohol.  Subtracting  from  this  insoluble  residue  the  amount  of 
proteids  extracted  from  the  residue  by  5  per  cent  potassium  sulphate  the  glutenin  in 
the  flour  is  obtained  as  given  in  column  6.  The  percentage  of  proteids  found  to  be 
soluble  in  salt  solution  is  given  in  column  4,  while  the  figures  in  column  5  represent 
the  amount  of  proteids  included  in  the  alcohol  extract  that  are  soluble  in  salt  solu- 
tion. The  results  given  in  column  7  are  obtained  by  subtracting  the  figures  in  col- 
umn 5  from  the  alcohol  soluble  proteids  as  given  in  column  1  and  represent  gliadin, 
the  proteid  soluble  in  70  per  cent  alcohol,  as  described  by  Osborne  and  Voorhees. 

Discussion  of  Results. 

In  the  following  table  the  proteids  as  determined  by  the  several  methods  and 
modifications  are  brought  together  for  comparison  with  each  other,  and  with  the 
results  given  in  Table  IV: 

Table  V. — Comparison  of  proteid  determinations  by  various  methods. 
[Calculated  to  dry  flour.] 


Sample 
number. 

(1) 
Extrac- 
tion 
method. 
(Sum  of 
proteids.) 

By  nitro- 
gen deter- 
mination. 

(Total 
proteids.) 
(NX5.68.) 

Fleurent's  method. 

Fleurent's  method  corrected. 

(3) 
aiiadin. 

(4) 
Glutenin. 

(6) 

True 
gliadin. 

(0) 

True 
glutenin. 

Proteids 
soluble  in 
1  per  cent 
sodium 
chlorid 
solution. 

(8) 

Sum  of 

true 
proteids. 

(5+6+7.) 

6534 
6535 
6536 

Percait. 

fl4.83 
tl4.65 
|17.77 
[17.94 
fl6.30 
116.37 

Percent. 
14.43 
14.87 
17.83 
17.72 
16.07 
16.06 

Percent. 
8.77 
8.60 
12.72 
12.44 
11.83 
11.95 

Per  cait. 
6.33 
6.01 
5.68 
5.16 
3.65 
3.42 

Percent. 
7.78 
7.62 
11.42 
11.30 
10.68 
10.56 

Percent. 
3.86 
3.44' 
1.98 
1.48 
1.26 
1.31 

Percent. 
3.07 
3.29 
4.09 
4.43 
4.15 
8.69 

Percent. 

u.n 

14.25 
17.49 
17.21 
16.08 
15.56 
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In  column  1  of  Table  V  is  given  the  mim  of  the  three  classes  of  proteids  named  in 
columns  4,  6,  and  7,  of  Table  IV,  determined  acconling  to  the  writer's  method,  while 
in  column  2  is  given  the  total  proteids  as  calculated  from  the  nitrogen  determined  by 
the  Gunning  method.  In  cn^lumns  3  and  4  are  the  gliadin  and  glutenin  as  determined 
by  Fleurent*8  method,  and  column  5  and  6  the  same  figures  corrected  as  previously 
described.  In  column  7  are  given  the  proteid  losses  due  to  washing  with  a  1  per  cent 
solution  of  sodium  chlorid,  and  in  the  last  column  the  sum  of  the  true  proteids  obtained 
by  Fleurent*s  method  as  corrected. 

Comparing  in  the  first  place  the  totals  obtained  by  the  two  methods  as  given  in 
columns  1  and  8  with  that  given  by  the  determination  of  nitrogen  in  column  2,  it  is 
seen  that  the  sum  of  the  proteids  by  Fleurent's  method  agrees  with  the  latter  nearly 
as  well  as  does  the  sum  by  the  extraction  method.  But  comparing  the  amounts  of 
gliadin  and  glutenin  as  determined  by  the  two  methods  (Table  V,  columns  3  and  4, 
and  Table  IV,  columns  6  and  7)  there  is  seen  to  be  a  very  great  difference.  The 
question  at  once  arises — which  is  the  tnie  gliadin  and  glutenin?  That  the  direct 
alcohol  extract  of  the  flour  has  extracted  all  of  the  alcohol-soluble  proteid  is  shown 
by  the  preceding  figures  giving  the  amoimta  of  proteid  removed  after  24  hours  extrac- 
tion by  repeated  extractions  for  72  hours  longer,  which  show  that  after  24  hours 
pmcticaliy  no  more  proteid  is  removed  by  70  per  cent  alcohol.  Therefore  all  of  the 
gliadin  must  be  in  the  alcohol-soluble  extract. 

That  meet  of  the  proteids  soluble  in  salt  solution  are  also  included  in  the  alcohol 
extract  is  shown  by  the  amounts  of  salt-soluble  proteids  left  in  the  residue  after 
alcohol  extraction  (Table  IV,  column  3).  With  this  correction  the  alcohol  extract 
represents  all  the  alcohol-soluble  proteid,  and  only  that,  and  is  therefore  gliadin. 

On  the  other  hand,  in  the  Fleurent  metho<l  the  gluten  is  first  washed  out  from  the 
flour,  and  this  treatment,  while  it  probably  removes  all  of  the  proteids  soluble  in  salt 
solution,  also  takes  out  a  considerable  portion  of  gliadin.  More  important  than  this 
is  the  fact  that  the  gliadin  is  extracted  from  the  gluten  by  dissolving  or  emulsifying 
the  entire  gluten  with  a  0.2  to  0.3  per  cent  alcoholic  potash  solution.  While  this  is 
a  very  weak  alkaline  solution,  still,  as  alkalies  definitely  affect  the  properties  of  pro- 
teids, it  is  at  least  questionable  whether  or  not  this  treatment  materially  alters  the 
solubility  of  these  two  proteids. 

It  seems  that  thie  Fleurent  method  yields  too  high  results  for  gliadin  and  conse- 
quently too  low  results  for  glutenin.  Also  that  the  results  based  u{>on  the  gluten 
determination  can  not  be  correct  because  of  the  impure  condition  of  the  gluten. 
This  error  is  not  corrected  by  the  Manget  modification  of  Fleurent' s  method,  as  that 
simply  gives  a  new  procedure  for  determining  the  weight  of  dry  gluten,  without 
considering  whether  or  not  it  is  pure  proteid. 

Proposed  Method. 

In  consideration  of  the  results  given  above  the  following  method,  based  upon  the 
work  of  Osborne  and  Voorhees«  and  of  Snyder,  *  is  suggested  to  be  used  in  compari- 
son with  other  methods  for  the  determination  of  proteids  in  fiour: 

(1)  Moisture, — Determine  moisture  at  105°  C.  in  an  atmosphere  of  hydrogen  or 
coal  gas. 

(2)  Physical  condition  of  sample. — ^Make  all  determinations  upon  air-dry  flour,  which 
should  be  either  standard  milled  flour  or,  if  laboratory  prepared,  (rapable  of  passing 
through  bolting  cloth  90  or  100  meshes  to  the  inch. 

(3)  Determination  of  proteids  soluble  in  dilute  salt  solutions. — Use  a  5  per  cent  solution 
of  potassium  sulphate.  Place  4  to  6  grauis  of  the  flour  in  a  150  cc  or  200  cc  flask  and 
introduce  exactly  100  cc  of  the  salt  solution.  Shake  thoroughly  and  allow  to  stand, 
with  frequent  shakings,  for  from  18  to  24  hours,  or,  better,  still,  agitate  in  a  shaker  for 
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6  hours.  After  standing  to  settle,  filter  off  50  cc  of  the  liquid  and  determine  the 
nitrogen  therein  by  the  Gunning  method.  The  amount  found  multiplied  by  2  gives 
the  nitrogen  in  the  original  flour.  This  result  multiplied  by  5.68  gives  the  amount 
of  proteids  in* the  flour  soluble  in  a  5  per  cent  potassium  sulphate  solution. 

(4)  Ddermination  of  alcohol-mluhle  proteid. — Treat  from  2  to  4  grams  of  floor  in  a 
similar  way  with  100  cc  of  70  per  cent  alcohol,  except  that  the  extraction  is  made  in 
a  regular  Kjeldahl  digestion  flask.  The  amount  of  alcohol  need  not,  however,  be 
exact,  as  the  entire  filtrate  is  used.  After  shaking  allow  to  stand  for  from  18  to  24 
hours,  or,  better,  shake  for  from  6  to  8  hours.  Allow  the  liquid  to  settle,  filter,  and 
wash  the  residue  several  times  onto  the  filter  paper,  washing  the  whole  thoroughly 
with  alcohol.  This  is  readily  accomplished  as  the  filtration  is  very  rapid.  Place  the 
entire  filtrate  in  a  Kjeldahl  flask  and  after  strongly  acidifying  with  sulphuric  acid 
evaporate  the  filtrate  until  fumes  appear  and  then  determine  the  nitrogen  by  tiie 
Gunning  method.    Nitrogen  X  5.68  equals  the  proteid  soluble  in  70  percent  alcohol. 

(5)  DetermincUion  of  proteids  in  insoluble  residue  from  the  alcohol  extract. — Return  the 
filter  paper  and  residue  from  the  alcohol  extract  to  the  Kjeldahl  flask  and  determine 
the  nitrogen.    Nitrogen  X  5.68  equals  the  proteid  insoluble  in  70  per  cent  altmhol. 

(6)  Determination  of  proteids  extracted  from  the  insoluble  residue  by  5  per  cerU  potassium 
sulphate  solution, — Prepare  a  second  alcohol  extract  and  after  returning  the  residue  to 
the  flask  (a  small  flask  may  have  been  used  in  this  case)  extract  as  in  (3)  with  a  5 
per  cent  potassium  sulphate  solution  and  determine  nitrogen  in  the  extract.  Nitro- 
gen X  5.68  equals  the  proteids  soluble  in  salt  solution  included  in  the  insoluble 
residue. 

(7)  Hesults. — Subtract  the  proteids  obtained  in  (6)  from  those  obtained  in  (^)  and 
the  result  is  glutenin. 

Subtract  the  difference  between  the  proteids  obtained  in  (3)  and  (6)  from  the  pro- 
teids obtained  in  (4)  and  the  result  is  gliadin. 
Proteids  obtained  in  (3)  are  the  proteids  soluble  in  salt  solutions. 

The  President.  If  there  is  no  discussion  of  the  paper  just  read,  the 
report  on  potash  Mrill  be  next  received. 

KEPOET  ON  POTASH. 
By  F.  B.  Carpenter,  Referee, 

In  accordance  with  the  instructions  of  the  association  at  the  last  meeting,  your 
reporters  have  confined  their  study  to  securing  a  method  which  will  recover  all  the 
potash  in  mixed  fertilizers  and  to  the  determination  of  moisture  in  potash  salts. 

For  this  work  three  samples  were  prepared,  one  for  the  determination  of  potash 
and  two  for  the  determination  of  moisture. 

In  the  early  part  of  June  a  circular  letter  was  sent  to  about  forty  chemists  likely 
to  be  interested  in  the  work,  asking  their  cooperation,  and  a  favorable  response  was 
received  from  fifteen.  The  directions  for  the  work  were  outlined  in  the  following  cir- 
cular letter,  which  accompanied  each  set  of  samples  sent  to  those  who  had  expressed 
a  willingness  to  cooperate: 

Dear  Sir:  At  the  last  meeting  of  the  Association  of  Official  Agricaltural  Ghemists 
the  referee  was  directed  to  conduct  further  experiments  for  the  purpose  of  securing 
a  method  that  will  dissolve  all  the  potash  in  mixe<l  fertilizers,  givm^  attention  to  the 
amount  of  material  used  and  the  amount  of  water  used  for  making  the  solution; 
also,  if  he  has  sufficient  time,  to  study  methods  for  the  determination  of  moisture  in 
potash  salts.  For  the  special  study  of  the  above  subjects  three  samples  have  been 
prepared: 

No.  1.  Mixture  acid  phosphate  and  muriate  of  potash. 

No.  2,  Commercial  nmriate  of  potash. 

No.  3.  Commercial  kainit. 
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DIRECTIONS   FOR  THE   WORK. 

1.  Thoroughly  remix  material  for  analysis  before  beginning  the  work. 

2.  Moisture: 

(a)  Determine  on  all  samples  by  official  method,  drying  No.  1  for  5  hours  in  a 
steam  bath  at  100°  C,  and  Nbs.  2  and  3  in  an  air  bath  at  130°  C.  to  constant  weight 

(b)  Determine  on  Nos.  2  and  3  by  the  following  method:  Heat 5  grams  material  in 
a  platinum  crucible  (40  cc  capacity )  for  10  minutes  with  a  small  flame  at  a  dark  red 
heat,  cool,  and  weigh.     Repeat  until  constant  weight  is  obtained. 

(c)  On  sample  No.  3  determine  same  as  (b),  covering  material  with  about  5  grams 
freshh^  ignitea  lime. 

3.  Potash  sample  No.  1: 

(a)  Determine  by  official  Lindo-Gladding  method  for  fertilizers,  described  on  pages 
21  and  22,  bulletin  No.  46,  revised  edition,  U.  S.  Department  of  Agriculture,  Bureau 
of  Chemistry.  In  making  the  solution,  boil  slowly  so  as  to  prevent  any  material 
loss  of  water  by  evajxjration.  In  case  there  is  considerable  loss,  the  volume  should 
be  maintained  by  boiling  water. 

^b)  Same  as  (a)  with  the  addition  of  20  cc  concentrated  hydrochloric  acid  before 
boiling. 

(c)  Determine  in  acid  solution  (b)  by  optional  method  described  on  page  22,  bul- 
letm  No.  46. 

(d)  Determine  like  (a)  (b)  and  (c)  using  5  grams  material  instead  of  10.  Boil 
with  same  amount  of  water  and  make  up  to  500  cc  as  usual. 

(e)  Determine  by  any  new  or  original  method  which  will  tend  to  facilitate  the 
work  or  improve  the  results  of  the  present  official  method. 

4.  Citrate  insoluble  potash,  sample  No.  1. 

(a)  Determine  by  method  employed  for  citrate  insoluble  phosphoric  acid, 
described  on  page  13,  bulletin  No.  46.  After  washing  the  insoluble  residue  from  the 
citrate  digestion,  transfer  to  a  200  cc  flask,  add  20  to  25  cc  concentrated  hydrochloric 
acid,  and  boil  until  the  larger  part  of  the  acid  has  evaporated;  cool,  diluteVith  about 
125  cc  water,  bring  to  aboil,  precipitate  with  ammonia  and  ammonium  oxalate,  cool, 
make  up  to  mark,  etc. ;  determine  potash  in  100  cc  by  the  regular  Lindo-Gladding 
method. 

5.  Make  blank  determinations  of  all  reagents,  using  amounts  required  in  regular 
analysis. 

6.  Use  Gooch  crucibles  for  filtering  the  potassium  platinic  chlorid,  dissolving  with 
hot  water  after  weighing  the  precipitete  and  reweigh  the  crucibles. 

7.  In  reporting,  jnease  describe  luUy  any  modifications  of  methods  proposed,  jwiy- 
ing  special  attention  to  amount  of  material  and  amount  of  water  used  in  ms^ing  the 
solution. 

Yours,  truly,  F.  B.  Carpenter,  Referee. 

M.  G.  Done,  Assodale  Referee, 

Sample  No.  1  was  made  up  as  follows: 

Per  cent 
potash  (EsO). 

Acid  phosphate  (23.21  pounds) 0.04 

C.  P.  potassium  chlorid  (1.79  pounds) 63.00 

Total  (26  pounds) 4.548 

Both  water  and  acid  solutions  of  the  acid  phosphate  were  carefully  analyzed  for 
potash,  and  the  results  were  found  to  be  the  same  in  both  cases.  The  percentage  of 
potash  in  the  C.  P.  potassium  chlorid  used  in  the  above  calculation  was  the  average 
of  a  number  of  determinations  made  in  the  laboratory  of  the  Virginia  Carolina 
Chemical  Company,  together  with  results  furnished  by  the  associate  referee. 

After  further  work  on  the  method  for  the  determination  of  potash,  it  was  thought 
desirable  by  your  reporter,  to  ask  those  who  already  had  samples,  to  test  the  method 
outlined  in  the  following  circular  letter  which  was  mailed  October  31: 

Dear  Sir:  In  connection  with  the  A.  O.  A.  C.  potash  work,  I  would  thank  you  to 
make  a  determination  of  potash  in  sample  No.  1  by  the  following  modification  of  the 
Lindo-Gladding  method,  and  let  me  have  your  result  as  soon  as  possible. 

Boil  10  grams  material  with  usual  amoiint  of  water,  plus  5  cc  hydrochloric  acid. 
Neutralize  with  sodium  hydrate  instea<l  of  ammonia.     Otherwise  follow  the  original 
method.     Be  careful  to  use  only  sufficient  sodium  hydrate  to  neutralize  the  solution. 
Yours,  truly, 

F.  B.  Carpenter,  Referee, 
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Owing  to  the  late  date  on  which  this  letter  waa  sent  out,  only  a  few  responses  were 
received.  Eighteen  analysts  took  part  in  the  work,  either  in  whole  or  in  part,  and 
13  laboratories  were  represented.  The  following  tables  show  the  results,  by  various 
methods,  as  reported  by  individual  chemists:   . 

Table  1. — Potash  determinations  in  sample  No,  1, 
(Calculated  potash  content,  4.648  per  cent. ) 


Amount  of  sample. 

1 

Official 
method. 

di^n»5o'ic    «"hHd"r!J' 
hylr^hloric       et'o^rie'adS; 

Neutralize 

with  sodium 

hydrate. 

Citrate 

Analysts. 

10 
grams. 

5 
grams. 

10 
grams. 

5 

10 
grams. 

5 
grams. 

Water 
solu- 
tion. 

Water 
solu- 
tion+ 
6cc 
hydro- 
chloric 
acid. 

insolu- 
ble. 

Perct 

I    4.22 
1    4.20 

4.29 

r    4.33 

4.18 

4.23 

4.18 

4.27 

4.31 

4.14 

f64.26 

(fe4.26 

f 

Pcrct. 

4.87 
4.&1 
4.85 
4.37 
4.37 
4.25 
4.36 

04. 08 
C4.00 

Pa-ct. 
4.56 
4.59 
4.60 

4.51 

Perct. 

Perct. 

Perct. 

Perct. 

Perct. 

Perct. 

F.  C.  Weber,  U.  S.  Depart- 

ment Agriculture 

H.  D.  Hasklns,  Maasachu- 
Hetts  station 

4.47 

4.22 

4.28 

4.75 

0.009 

F.  W.  Robison,  Michigan 

4.59 
4.51 
4.35 
4.04 
4.23 
4.44 
b4.28 
ft4.30 

.293 

station 

4.84 
4.25 
4.32 

.254 

a  4. 46 
4.44 
4.47 
4.43 

0  4.13 
4.26 

M.  G.  Donk,  Florida  agri- 
cultural department 

4.44 

1 

T.  R.  Gough,  Maryland  sta- 

04.07 
04. 09 

1 

.06 

tion  

.06 

d5.15 
d5.88 
d6.U 

4.42 
4.60 

H.  H.  Hanson,  Maine  sta- 
tion   

1     4.28 
I    4.29 

4.10 
4.49 
«4.33 
,   4.49 
A4.66 
A  4. 42 

4.30 
4.32 
4.22 
4.31 
4.32 
4.28 

4.06 
4.44 

4.19 
4.20 

.  4.24 
4.06 

3.86 
4.44 

4.84 
4.48 

:::::::: 

W.  H.  Scherfflus,  Kentucky 
station... % 

W.  G.  Morrison,  North  Caro- 
lina station 

4.49 
e4.42 

4.55 
A4.4S 
*4.44 

4.27 
4.84 
4.18 
4.26 
4.33 
4,30 

4.58 

4.54 

d3.68 
/4.40 
(^4.55 

A  4. 48 
4.22 

d8.86 
/4.41 
V4.59 
*4.79 
A  4. 40 

4.25 

.06 

C.    C.    McDonnell,   South 
Carolina  station 

Q.  Clausen  Friend,  Union 
Abattoir  Co..  Baltimore 

4.66 
^^4.62 
A  4. 51 

4.38 
4.31 
4.26 
4.31 
4.32 
4.39 

4.70 
*4.79 
A4.60 

4.87 
4.39 
4.38 
4.34 
4.25 
4.42 

.20 

A.   W.    Boaworth,    Rhode 
Island  station  . .      .  . 

H.  H.  Hurt,  Virginia  agri- 
cultural department 

Virginia-Carolina    Chemi- 
cal Co.,  Richmond,  Va.: 

Edward  Ryland 

S.  H.  Shelb 

4.87 
4.81 

A4.68 

4.56 
4.48 

.06 
.00 

H   M   McCance 

.00 

S  M  Robertson 

Hamer  Dean 

F.  B.  Carpenter 

4.31 

4.35 

4.40 

4.54 

A  verage 

4.29 

4.83 

4.43 

4.39 

4.31 

•1.43 

4.86 

4.56 

.10 

a  Modified  as  stated  elsewhere. 
h  Used  5  grams  to  250. 
o  Used  24  grams  to  250. 
d  Omitted  from  average. 


<!  Final  washing  with  95  \^r  cent  alcohol. 

/  Water  solution,  final  washing  with  95  per  cent  alcohol. 

0  ITsed  Gladding  wash. 

A  No  blank  determinations  were  made. 
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In  Table  II  the  figures  directly  over  the  percentages  represent  the  time  of  heating, 
expressed  in  hours  when  the  sample  was  dried  in  an  oven,  and  in  minutes  when 
ignited.  The  ignition  was  usually  divided  into  periods  of  10  minutes  each,  with 
gradual  loss  to  last  weighing. 

Table  II. — Moistures  determined  in  samples  Nos.  i,  j?,  and  S, 


Analjrets. 


F.  C.  Weber,  U.  S.  Department 
Agriculture 

H.  D.  Haskins,  Maasachusetts 
station 

F.  W.  Robfaon.  Michigan  ata- 
tlon 

M.  O.  Donk,  Florida  agricul- 
tural department 

T.  R.  Qough,  Maryland  station. 

H.  H.  Hanson,  Maine  station 


Sample 
No.l. 


Sample  No.  2. 


Perct, 


15.41 

6.24 

[6.70 

6.09 
6.12 


PercL  Perel. 

26  I 

5.71     2.59 


'",[6.08 


W.    H.    Scherffius,    Kentucky 
station 

W.  O.  Morrison,  North  Caro- 
lina station 

C.  C.  McDonnell,  South  Caro- 
lina station 

G.  Clausen  Friend,  Union  Abat^ 
toirCo.,  Baltimore 

A.  W.  Bosworth,  Rhode  Island 
station 

H.  H.  Hurt,  Virginia  agricul- 
tural department 

Virgin  la-CarolinaChemical  Co., 
Richmond: 
Edward  Ryland 


6.12 
6.17 
6.35 
6.00 
6.22 


F.  B.  Carpenter. 
Average 


16.10 
16.11 


6.10 


I 


24 
7.60 


8i 
6.02 


6.90 


6.41 


2.68 


2.85 

7 

2.98 


2.78 


Perct. 

30 

3.24 

2.58 


3.09 
2.91 

2 
8.40 

74 
2.85 

3.80 


2.60 
8.22 
3.81 


3.0C 

12 

3.24 


8.04 


•OS* 

2 


Perct. 


Perct. 

40 

3.88 

3.70 


3.78 


13 
3.T7 


3.71 


3.69 
3.81 


3.75 


If 

la 
1 


3.92 
18 

3.86 
40 

3.81 

3.89 


3.79 
3.79 
3.81 

30 
8.78 

60 
3.98 


3.84 


Sample  No.  3. 


Perct 


1.75 


2.32 


2,18 

7 

'2. 11 


2.09 


Perct. 


2.87 
3.82 

2 
(16.84 

91 
2.54 


2.06 
2.97 
3.20 


2.69 

25 

2.64 


2.71 


Perct 


9.79 


SB 
I 


Peret. 

80 

9.7*2 

9.7*2 


9.87 


8.07 


8.56 
9.78 


9.21 


10.29 

21 

9.34 

60 

10.31 

10.08 


9.39 

'9.71 

9.53 

50 

9.70 

60 

10.16 


9.81 


a 
1 


PercL 


7.92 


7.61 


8.67 


30 
7.17 


8.28 
6.49 


8.47 


8.29 


a  Omitted  from  average. 
Comments  by  Analysts. 

F,  C.  Weber. — In  moisture  determinations,  method  (a)  two  results  are  given,  and 
under  method  (r)  "per  cent  loss  from  lowest  weight  obtained."  In  determinations 
by  method  (a)  I  was  unable  to  obtain  a  constant  weight  after  25-30  hours,  the  loss 
in  weight  varying  from  1  to  4  mg  in  sample  No.  1,  from  5  to  10  mg  with  No.  2, 
and  from  1  to  8  mg  with  sample  No.  3,  this  variation  being  least  in  the  one  gram 
samples.  With  method  (c),  sample  No.  3,  the  material  lost  about  350  mg  when  it 
reached  a  point  where  it  began  to  gain  in  weight,  even  if  heated  for  30  minutes  and 
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weighed  as  soon  as  cool.  The  gain  in  weight  was  always  proportionate  to  time  left 
in  desiccator.    The  desiccators  used  were  newly  prepared  from  fresh  calcium  chlorid. 

Floyd  W.  Robison, — In  making  the  solutions  the  flasks  were  connected  by  reflux 
condensers,  heated  to  boiling,  and  kept  boiling  for  exactly  30  minutes. 

M.  G.  Donk. — Determined  moisture  in  samples  Nos.  2  and  3  by  simple  ignition. 
The  percentages  are  based  on  the  loss  after  the  flrst  10  minutes,  because  after  the 
fifth  ignition  the  weight  was  not  yet  constant,  as  shown  by  the  following  figures: 

Lass  of  weight  afier  repeated  ignitions. 


Time  of  igrnition. 

Sample 
No.  2. 

Sample 
No.  8. 

Weight  aftei^ 

First  10  minutes 

QraiM. 
23.6600 
23.6490 
23.6475 
23.6457 
23.6445 
23.6430 

GrafM. 
28.6946 
23.6898 
23.6858 
23.6835 
28.6797 

Third  10  mlmitefl 

Fourth  10  minutes 

Fifth  10  minutes 

Sixth  10  minutes 

All  possible  pains  were  taken  to  heat  to  the  same  temperature  each  time,  and  at  no 
time  was  a  dull  redness  exceeded.  With  the  muriate  of  potash,  I  can  not  say  what 
causes  the  continued  loss,  but  with  the  kainit  decomposition  of  the  salt  and  libera- 
ation  of  sulphuric  acid  seems  to  take  place,  as  the  ignited  residue  is  alkaline. 

Ignition  of  the  kainit  with  lime  was  also  unsatisfactory,  for  here  the  weight 
increased  after  the  first  ignition.  The  following  are  the  figures  of  three  successive 
ignitions  of  10  minutes  each: 

Weight  after  first  10  minutes 29.0308 

Weight  after  second  10  minutes 29. 0435 

Weight  after  third  10  minutes 29.0558 

The  loss  after  the  first  10  minutes  was  used  to  calculate  the  per  cent  of  moisture. 

A  portion  of  lime,  ignited  for  several  hours  at  a  red  heat,  was  heated  in  a  covered 
platinum  crucible  for  four  successive  10-minute  periods,  then  at  a  red  heat  for  10 
minutes,  next  at  a  dull  re^  for  3  hours,  and  another  3  hours  at  a  red  heat,  giving  the 
following  weights  in  grams:  33.696,  33.846,  33.714,  33.762,  33.607,  33.703,  33.628. 

It  appears,  therefore,  that  the  ignition  for  moisture  at  dull  redness  is  the  tempera- 
ture at  which  calcium  oxid  recombines  with  carbon  dioxid.  The  variations  between 
the  figures  for  potash  by  solution  with  hydrochloric  acid  I  attribute  altogether  to 
the  large  quantity  of  ammonium  chlorid  introduced  by  neutralization  of  the  acid  for 
precipitation,  the  presence  of  so  much  of  this  salt  causing  unavoidable  loss  by 
decrepitation  and  spattering  on  ignition  with  sulphuric  acid.  To  overcome  this  I  used 
the  following  modification  of  the  optional  method  as  used  last  year: 

To  the  hot  acid  solution  was  added  hot  concentrated  barium  hydrate  solution  in 
slight  excess,  barely  neutralized  with  ammonia,  and  precipitated  lime  and  excess  of 
barium  with  ammonium  carbonate,  cooled,  made  up  to  mark,  and  filtered.  Fifty  cc 
of  the  solution  were  evaporated  to  small  bulk  in  a  dish,  transferred  to  platinum  cru- 
cible, evaporated  to  dryness,  ignited  (with  cover  on  crucible)  at  dull  redness,  dis- 
solved residue  in  hot  water,  filtered,  and  the  analysis  completed  as  usual. 

The  use  of  barium  hydrate  introduces  a  minimum  of  ammonium  chlorid,  and 
ignition  in  a  covered  crucible  avoids  the  possibility  of  mechanical  loss.  *  *  *  In 
the  sodium  hydrate  method  the  sodium  introduced  was  not  troublesome. 

W.  H.  Scherffius,—!  used  a  water  oven  for  drying  at  100®  and  an  oil  oven  for  130®, 
In  the  latter  case,  one  gram  of  material  was  used. 
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By  the  ignition  method  on  pample  No.  2  gradual  loes  was  experienced  for  four 
successive  ignitions  of  10  minutes  each,  and  on  sample  No.  3  the  same  loss  was  noted 
for  six  ignitions. 

An  experiment  was  made  by  drying  1  gram  each  of  samples  Nos.  2  and  3  in  watch 
glasses  in  the  oil  oven  at  120^  C.     The  following  results  were  obtained: 

Loss  in  vmghi  by  drying  1  gram  of  sample  at  120°  C. 


Time  of  heating. 

Loss  in  weight. 

Sample  No.  2. 

Sample  No.  S. 

Gram. 

Per  cent. 

Gram. 

Per  cent. 

ft  hours 

0.0259 
.0270 
.0270 

2.S9 
2.70 
2.70 

0.0207 
.0206 

2.07 
2.08 

61  hours 

8i  hours 

Instead  of  Gooch  crucibles  we  use  a  form  of  the  Fresenius  filtering  tube,  modified 
by  having  the  top  expanded  into  the  shape  of  a  small  funnel.  In  these  tubes  the 
precipitates  can  be  thoroughly  washed  with  less  liquid  than  is  required  for  a  lai^r 
filter. 

The  ammonium  chlorid  wash  in  6  or  7  successive  portions  of  about  3  cc  eacli  is 
used  instead  of  5  or  6  of  10  cc,  making  the  total  amount  used  about  15  or  20  (*c 
instead  of  50  or  60  cc. 

Determinations  of  potash  on  the  two  salts  gave  results  as  follows:  No.  2,  48.88  per 
cent;  No.  3,  12.66  per  cent. 

A,  if.  Peter. — ^The  sodium  hydrate  method  seems  to  afford  a  way  out  of  the  diflfi- 
culty,  provided  the  hydrochloric  acid  does  not  bring  into  solution  more  potash  than 
is  really  watei*  soluble.  We  must  not  lose  sight  of  the  fact  that  we  are  trying  to 
determine  water  soluble  potash,  not  total  x)otash  or  acid  soluble  potash. 

H.  H.  Hansen. — The  moisture  determinations  on  sample  No.  3  were  unsatisfactory 
either  by  the  ignition  method  or  drying  at  130°.  When  heated  with  lime  for  less 
than  30  minutes  the  weight  continued  to  decrease.  When  heated  beyond  this  time 
the  weight  increased. 

A.  W.  Bosworih. — There  is  an  objection  to  the  sodium-hydrate  method  on  account 
of  the  very  large  amount  of  platinic  chlorid  necessary  to  satisfy  the  sodium  chlorid 
present. 

W.  G.  Morrison. — The  optional  methwl  gives  low  results.  It  requires  too  many 
filterings,  and  unless  the  filtrates  are  large  it  is  impossible  to  get  all  the  potash.  With 
an  acid  solution  the  amount  of  ammonium  chlorid  present  becomes  so  great  as  to 
interfere  with  the  work.  The  use  of  sodium  hydroxid  instead  of  ammonium 
hydroxid  seems  to  offer  no  advantage,  and  the  sodium  residue  with  the  platinum 
precipitate  makes  the  process  of  washing  much  more  troublesome.  I  prefer  the 
official  Lindo-Gladding  method  to  any  of  its  modifications. 

Discussion  of  thk  Res'jlts. 

It  has  been  known  by  the  association  for  some  time  that  the  ofidcial  method  gives 
low  results  on  certain  classes  of  mixed  goods.  Your  referees  have  therefore  endeav- 
ored to  suggest  changes  that  might  tend  to  recover  all  the  available  potash  present 

While  we  have  not  been  altogether  successful,  it  is  hoped  that  some  suggeetioM 
can  be  made  which  will  be  of  assistance  in  future  work. 

In  Table  No.  1  it  will  be  noted  that  the  results  by  the  official  method,  with  one 
or  two  exceptions,  are  fairly  concordant,  both  when  5  and  10  grains  of  material  were 
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used,  but  the  percentages  are  in  most  cases  considerably  lower  than  theory.  The 
ratio  of  the  material  to  the  amount  of  water  used  in  making  the  solutions  seemed  to 
have  no  influence  on  the  results.  The  acid  modification  of  the  official  method  tends 
to  give  higher  percentages  of  potash,  but  the  results  are  not  altogether  satisfactory. 
The  introduction  of  such  a  large  amount  of  ammonium  chlorid  appears  to  make  the 
method  more  difficult  of  manipulation,  and  while  it  is  believed  that  the  addition  of 
acid  is  necessary  to  liberate  all  the  potash,  there  are  other  sources  of  error  which 
partly  compensate  for  what  has  been  gained  in  this  direction.  The  experience  of 
the  referee  has  been  that  while  there  was  invariably  a  tendency  to  higher  results, 
the  results  were  always  lower  than  theory  and  less  uniform  than  by  the  official 
method. 

From  later  work  it  appears  to  be  unnecessary  to  use  so  much  acid,  in  which  case 
one  of  the  objections  mentioned  will  be  partly  eliminated  and  the  results  improved. 
The  precipitation  with  ammonium  and  ammonium  oxalate,  however,  seems  to  have 
the  effect  of  holding  back  a  small  percentage  of  the  potash.  Knowing  that  filter 
paper  has  the  tendency  to  absorb  certain  salts,  experiments  were  made  to  see  if  any 
excess  of  potash  was  retained  by  the  paper  w^hen  solutions  were  filtered;  the  results, 
however,  were  the  same,  either  by  filtering  or  decantation.  The  acid  modification  of 
the  optional  method  is  altogether  too  troublesome  to  be  considered  as  a  possible 
method  in  fertilizer  work. 

Considerable  time  has  been  spent  by  the  referee  in  trying  to  locate  the  cause  of  the 
low  results  on  potash  and  suggest  some  method  by  which  the  difficulty  could  be 
overcome. 

An  experiment  was  made  on  sample  No.  1  as  follows:  10  grams  were  boiled  with 
300  cc  of  water  for  one-half  hour,  neutralized  with  ammonia,  ammonium  oxalate 
added,  and  the  residue  filtered  off  and  washed.  This  residue  was  again  boiled  with 
the  same  amount  of  water,  filtered,  and  washed.  An  acid  solution  of  the  resulting 
residue  showed  0.30  per  cent  jxjtash.  This  was  repeated  with  5  grams  of  material 
wnth  similar  results. 

From  a  knowledge  of  the  composition  of  the  sample  used,  it  seems  more  probable 
that  the  potash  was  absorbed  or  occluded  in  the  insoluble  residue  than  that  the 
results  were  due  to  the  formation  of  an  insoluble  compound.  At  any  rate  the  results 
on  the  citrate  insoluble  potash  given  in  Table  No.  1  indicate  that  practically  all  the 
potash  is  available  for  plant  food.  A  great  many  modifications  of  the  Lindo- 
Gladding  method  were  tried,  but  there  seemed  to  be  no  hope  of  success  without  the 
use  of  acid  in  making  the  solution.  Before  sending  out  the  samples  quite  a  number 
of  determinations  were  made  on  acid  solutions  with  some  promise  of  improvement, 
but  from  our  later  work  it  seems  that  in  most  cases  when  the  precipitation  is  made 
with  ammonia  and  ammonium  oxalate  a  small  proportion  of  the  potash  is  again 
absorbed  in  the  precipitate. 

Mr.  Ryland  suggested  that  instead  of  neutralizing  the  solution  with  ammonia, 
sodium  hydrate  be  used.  This  was  tried,  and  the  results  were  more  promising  than 
any  modification  before  suggested.  It  was  thought  that  possibly  the  higher  results 
obtained  by  this  method  were  due  to  the  admixture  of  soda,  but  several  of  the  pre- 
cipitates of  potassium  and  platinic  chlorid  were  dissolved  and  reprecipitated  with  no 
loss,  showing  that  the  additional  weight  was  due  to  potash  obtained  from  the  solu- 
tion. Blank  determinations  were  made  in  all  cases  to  allow  for  any  potash  that 
might  be  in  the  soda  solution.  The  soda  appears  only  to  act  as  a  substitute  for  the 
potash  which  is  usually  absorbed  in  the  precipitate  formed  by  the  addition  of 
ammonia  and  ammonium  oxalate. 

The  principles  of  the  method  are:  (1)  Use  a  small  amount  of  hydrochloric  acid' 
to  liberate  any  occluded  potash  in  the  substance;  (2)  neutralize  with  soda  instead 
of  ammonia  to  prevent  any  occlusion  or  absorption  of  potash  in  the  precipitate 
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runially  formed  by  the  addition  of  ammonia  and  ammonium  oxalate.  It  is  best  to 
use  only  a  small  amount  of  acid  in  making  the  solution  (5  cc  were  found  to  be 
sufficient)  so  as  to  avoid  using  a  large  amount  of  sodium  hydrate.  It  is  convenient 
to  add  a  little  phenolphthalein  as  indicator,  thus  avoiding  a  lai^  excess  of  the  alkali. 

Owing  to  the  short  time  which  has  elapsed  since  this  modification  was  proposed 
only  a  few  results  have  been  obtained.  These  are  given  in  Table  No.  1.  Some  of 
these  figures  are  high,  probably  for  the  reason  that  all  of  the  soda  was  not  removed 
from  the  precipitate  of  potassium  platinic  chlorid,  but  from  the  experience  of  the 
referee  it  is  believed  that  this  difficulty  could  be  readily  overcome  in  practice. 

The  members  of  the  association  will  recall  the  time  when  the  Lindo-Gladding 
method  required  the  addition  of  5  cc  of  sodium  chlorid  solution  to  the  solution  of 
potassium  chlorid,  just  previous  to  the  precipitation  with  platinic  chlorid.  While  in 
this  proposed  method  the  sodium  chlorid  is  present  for  another  purpose,  the  same 
conditions  are  obtained  for  precipitation  as  in  the  old  Lindo-Gladding  method.  One 
analyst  makes  objection  to  the  method  on  account  of  the  very  large  amount  of  pla- 
tinic chlorid  required  to  satisfy  the  sodium  chlorid  present.  Our  experience  is  that 
no  lai^r  amount  of  platinum  solution  is  required  than  in  the  official  method.  The 
potash  is  first  satisfied,  and  the  excess  precipitates  a  part  of  the  sodium  chlorid 
which  is  readily  soluble  in  80  per  cent  alcohol,  and  the  remaining  excess  of  sodium 
chlorid  is  readily  removed  with  Gladding  w^ash.  Not  enough  work  has  been  done 
with  the  method  as  yet  to  form  any  definite  conclusions,  but  the  results  are  thus  far 
very  promising. 

Mr.  C.  L.  Hare,  in  his  report  on  potash  for  1901,  referring  to  the  milk  of  lime 
method,  says:  "  While  the  direct  evaporation  of  the  solution  with  platinum  solution 
leaves  a  rather  laiige  amount  of  lime  salts,  none  of  the  analysts  has  reported  trouble 
in  the  final  washings.  In  washing  this  residue  analysts  who  have  little  experience 
with  the  method  are  apt  to  subject  it  to  too  vigorous  rubbing.  Experience  teaches 
that  excessive  pulverization  is  unnecessary  and  will  possibly  result  in  loss  of  potash 
caused  by  finely  divided  potassium  platinic  chlorid  passing  through  the  filter."  It  is 
the  latter  point  which  should  be  brought  out  in  connection  with  any  of  the  Lindo- 
Gladding  modifications  which  have  been  suggested  in  this  report.  Experiments 
made  by  the  referee  show  that  the  official  method  has  a  decided  tendency  to  lower 
results  if  the  precipitate  is  excessively  pulverized,  and  this  may  account  for  some  of 
the  variations  in  results  reported  in  Table  I. 

HOISrUBE. 

Sample  No.  1,  Acid  phosphate  and  muriate  of  potash. — The  results  by  the  official 
method,  wnth  two  exceptions,  are  fairly  concordant.  The  samples  were  carefully 
sealed,  and  such  differences  as  occur  are  undoubtedly  due  to  manipulation  after 
opening. 

Sample  No.  S,  Muriate  of  potash, — By  the  official  method  the  results  are  not  satis- 
factory, there  being  a  maximum  variation  of  0.72  per  cent,  with  the  highest  result 
only  slightly  over  3  per  cent. 

By  the  ignition  method  the  results  are  more  uniform,  but  are  materially  higher 
than  those  by  the  official  method.  The  difference  is  probably  due  to  water  of  crys- 
tallization in  the  impurities,  which  is  only  slowly  liberated  at  130**. 

Sample  No,  S,  Kainit. — The  referee  infers  that  if  no  explanation  accompanied 
the  reports  the  results  at  130°  represent  percentages  obtained  by  drying  to  constant 
weight.  Our  experience  has  been  that  kainit  continues  to  lose  weight  for  a  long  time 
at  this  temperature,  and  this  undoubte<lly  accounts  partly  for  the  variation  in  results. 
One  analyst  reports  a  result  of  6.84  per  cent  by  drying  for  two  hours  at  130®,  which 
is  over  3  per  cent  higher  than  any  other  result.    The  kind  of  oven  and  the  manner 


Digitized  by 


Google 


138 

of  inserting  the  thermometer  undonbtedly  has  much  to  do  with  these  variations.  If 
this  method  is  to  be  used,  it  would  be  well  to  specify  the  style  of  oven,  and  have  a 
definite  time  of  drying,  rather  than  to  specify  **to  constant  weight." 

The  ignition  method  offers  altogether  different  conditions.  Here  not  only  the 
•  mechanical  moisture,  but  also  the  chemically  combined  water  is  liberated.  There  is 
also  some  decomposition,  resulting  in  the  loss  of  some  of  the  volatile  constituents. 
The  use  of  lime  to  absorb  the  acids  which  have  been  liberated  was  not  very  satisfac- 
tory, as  is  shown  by  the  results  from  different  laboratories. 

In  using  the  lime  method  it  was  the  experience  of  the  referees,  and  several  other 
analysts  have  reported  the  same  difficulty,  that  after  heating  for  a  certain  time  the 
substance  increases  in  weight.  This  is  undoubtedly  due  to  the  absorption  of  carbonic 
acid.  The  method  is  very  troublesome,  and  if  it  were  not  for  the  fact  that  this  is 
practically  the  method  used  by  German  chemists,  by  which  all  settlements  for  kainit 
purchased  from  foreign  producers  must  be  made,  no  further  consideration  of  the 
same  would  be  recommended.  It  remains  for  this  association  to  say  whether  the 
total  water  content  of  the  salt  shall  be  determined,  or  we  shall  adhere  to  the  present 
method,  with  possibly  some  modifications,  and  attempt  to  approximate  the  mechan- 
ical moisture.  It  is  possible  that  better  results  could  be  obtained  with  a  somewhat 
lower  temperature  than  130°.  Mr.  Scherffius  reports  concordant  results  on  samples 
Nos.  2  and  3  by  drying  in  an  oil  oven  for  6}  hours  at  120°. 

As  has  been  suggested  by  several  analysts,  the  percentage  loss  by  the  ignition 
method  depends  very  much  on  the  time  of  heating  and  the  temperature  employed. 
It  is  very  difficult  to  specify  conditions  which  will  insure  absolute  uniformity  in  the 
hands  of  different  analysts;  the  best  that  can  be  done  is  for  each  analyst  to  deter- 
mine for  himself  what  conditions  will  give  him  the  most  satisfactory  results. 

Rbcommendations. 

Since  the  last  meeting  of  the  association  nothing  of  especial  value  has  been  pub- 
lished on  the  determination  of  potash.  Attention  has,  however,  been  called  to  the 
phosphomolybdic  method,  first  elaborated  by  **  Wa valet."  The  method  as  it  stands 
presents  no  advantages  over  the  one  in  present  use,  except  that  it  eliminates  an 
expensive  reagent.  If  modified  so  as  to  be  carried  out  volumetrically  like  the 
present  volumetric  phosphoric-acid  method,  it  might  prove  a  valuable  addition  to  the 
official  methods. 

The  results  for  this  year  do  not  justify  any  recommendation  for  a  change  in  the  offi- 
cial method  for  the  determination  of  potash,  but  it  is  suggested  that  the  modification 
requiring  a  slightly  acid  solution  and  neutralization  with  sodium  hydrate  be  given 
further  trial.  The  referee  recommends  that  some  action  be  taken  to  ascertain 
whether  the  members  desire  to  determine  moisture  in  potash  salts  by  drying  at  a 
stated  temperature  or  by  ignition,  and  that  the  study  of  the  method  thought  most 
desirable  be  continued  with  a  view  to  getting  more  concordant  results. 

I  wish  tc»  thank  all  those  who  have  so  willingly  contributed  their  time  to  the  woiik 
outlined  by  the  referee  and  to  make  special  mention  of  Mr.  M.  G.  Donk,  associate 
referee,  and  Mr.  Edward  Ryland,  one  of  my  assistants,  who  have  rendered  valuable 
assistance  in  the  preliminary  and  experimental  work. 

The  President.  Is  there  any  discussion  on  the  points  raised  by  the 
referee? 

Mr.  Ross.  Is  the  theory  in  regard  to  the  use  of  the  sodium  hydroxid 
that  the  energies  of  the  precipitate  are  directed  toward  an  occlusion  of 
the  sodium  salts  rather  than  the  potash  salts? 
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Mr.  Carpenter.  That  is  the  only  explanation  1  can  offer. 

Mr.  Robinson.  Would  it  not  be  possible  to  use  asbestos  to  carry 
down  the  precipitate  mechanically,  and  keep  it  from  creeping? 

Mr.  Carpenter.  I  do  not  see  that  there  would  be  an^^  objection  if 
we  knew  that  the  asbestos  had  no  potash  in  it. 

Mr.  Cameron.  There  is  this  objection:  The  majority  of  the  samples 
of  asbestos  on  the  market  are  magnesia  bearing,  and  the  magnesia 
would  probably  precipitate  much  more  of  the  platinum  reagent. 

Mr.  Williams.  Some  time  ago  1  made  an  analysis  of  asbestos  which 
contained  over  3  per  cent  of  total  iron.  1  did  not  determine  whether  it 
was  ferrous  or  ferric. 

Mr.  Huston.  In  making  determinations  of  moisture  in  my  laboratory 
on  mixtures  of  phosphates  and  potash  salts  it  was  found  that  fumes  of 
hydrochloric  acid  were  continually  given  off  from  a  mixture  of  hydro- 
chloric acid  and  muriate  of  potash,  and  accurate  moisture  determi- 
nations were  exceedingly  diflScult  to  obtain.  1  presume  the  same 
difficulties  would  occur  in  dealing  with  sample  No.  1.  In  fact,  after 
working  on  the  samples  a  while  the  copper  of  the  baths  was  strongly 
attacked  by  the  hydrochloric  acid  which  was  given  off  by  the  mixture 
of  acid  phosphate  and  only  a  small  amount  of  muriate  of  potash,  cer- 
tainly less  than  was  contained  in  sample  No.  1. 

The  President.  If  there  is  no  further  discussion  the  report  of  the 
committee  on  nominations  will  be  received. 

REPOET  OF  COMMITTEE  ON  NOMnTATIONS. 

Mr.  Wheeler.  On  behalf  of  the  committee  I  place  the  following 
names  in  nomination:  For  president,  Mr.  M.  E.  Jaffa,  of  California; 
for  vice-president,  Mr.  C.  L.  Penn}^  of  Delaware;  for  secretary,  Mr. 
H.  W.  Wiley,  of  Washington,  D.  C;  as  additional  members  of  the 
executive  committee,  Mr.  W.  P.  Headden,  of  Colorado,  and  Mr.  W.  R. 
Perkins,  of  Mississippi. 

Mr.  Van  Slyke.  I  move  that  the  nominations  be  approved  and  the 
officers  named  be  declared  elected  accordingly. 

The  motion  was  unanimously  carried. 

The  President.  The  report  on  soils  is  now  in  order. 

EEPOET  ON  SOILS. 

By  F.  P.  Vettch,  Referee, 

Only  two  laboratories  have  participated  in  the  work  on  soils.  Mr.  Seidell,  of  the 
Bureau  of  Soils,  Department  of  Agriculture,  made  aji  examination  of  methods  for  the 
analyses  of  alkali  soils;  Mr.  Moore  and  the  referee  worked  on  methods  for  determin- 
ing available  plant  food,  while  the  referee  alone  devoted  a  great  d  al  of  time  to  the 
study  of  acidity  and  methods  for  its  determination.  The  cooperative  work  for  1908 
was  outlined  in  the  following  circular: 
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Outline  for  A.  O.  A.  C.  Work  on  Soils  for  1903. 

Owing  to  the  fact  that  we  have  no  methods  which  ma^r  be  regarded  as  furnishing  an 
accurate  measure  of  the  available  plant  food  of  a  soil,  it  does  not  seem  advisable  to 
the  referee  to  ask  chemists  to  compare  their  results  on  a  particular  set  of  soil  samples. 
For  this  and  other  reasons,  not  necessary  to  state  here,  it  appears  more  rational  to 
request  those  who  can  take  part  in  the  soil  work  to  secure  their  samples  from  soils 
of  which  they  know  the  crop  history  and  fertilizer  requirements,  ana  endeavor  to 
determine  the  available  plant  food  in  these  samples  by  the  methods  mentioned  below 
or  by  any  other  methods  deemed  worthy  of  trial.  As  the  number  of  samples  worked 
on  bv  each  chemist  will  be  small,  several  methods  may  be  tried  without  overburden- 
ing tne  individual.  The  results,  together  with  the  crop  and  fertilizer  history  of  the 
soils,  will  be  summarized  by  the  referee  and  it  is  hoped  to  get  comparisons  of  several 
methods  on  a  large  number  of  samples  of  known  soils.  It  is  particularly  requested 
that  those  chemists  dealing  with  soils  which  have  never  shown  the  need  of  fertilizers 
will  cooperate  heartily  in  the  work  in  order  that  we  may  at  least  begin  to  establish 
standards  with  which  to  compare  fertilized  soils. 

The  lines  of  work  upon  which  cooperation  is  requested  are  the  following: 

(1 )  Determination  of  available  potash  and  phospnoric  acid  of  virgin  and  cultivated 
soils  in  samples  taken  from  each  well-marked  stratum  of  soil  to  the  depth  of  four  feet. 

(2)  Investigation  of  the  most  desirable  amounts  of  soil  and  water  to  be  used  in 
dissolving  the  soluble  salts  of  alkali  soils,  and  of  the  time  required  for  the  establish- 
ment of  equilibrium  between  the  soil  and  the  solvent.  « 

(3)  Investigation  of  methods  for  the  estimation  of  soil  acidity. 

1. — DETERMINATION   OP   AVAILABLE   POTASH    AND   PHOSPHORIC  ACID. 

The  referee  will  furnish  a  sampling  tube  with  which  samples  can  be  taken  to  a 
depth  of  4  feet.  The  tube  must  be  promptly  returned  to  the  Bureau  of  Chemistry, 
U.  S.  Department  of  Agriculture,  or  forwarded  to  another  chemist,  as  may  be  directed, 
charges  prepaid. 

(a)  Determination  of  potash  dissolved  by  treatment  with  distilled  water,  following 
strictly  the  method  of  Moore, «  except  that  distilled  water  is  used  as  a  solvent  instead 
of  N/200  hydrochloric  acid. 

It  is  not  necessary  to  use  acidified  alcohol  in  washing  the  precipitate  of  potassium 
platinic  chlorid,  as  ordinary  90  per  cent  alcohol  serves  the  purpose  just  as  well. 

The  referee  has  used  this  method  on  some  15  or  20  samples  of  soil  and  in  all  cases 
as  much  or  more  potash  was  obtained  as  was  removed  from  the  soil  by  the  oat  crop. 

(b)  Determination  of  available  potash  and  phosphoric  acid  in  N/200  hydrochloric. « 
Do  not  correct  for  basicity,  but  secure  a  uniform  temperature  of  40°  C.  and  moderate 

agitation  in  Wagner  machme. 

The  results  secured  last  year  on  surface  soils  were  not  very  satisfactory,  but  it  is 
hoped  that  the  estimation  of  the  available  material  to  greater  depths  will  give  better 
results. 

2. — METHODS   FOR  THE   ANALYSIS  OF  ALKALI   SOILS. 

(a)  Treat  10  grams  of  soils  representative  of  different  classes  of  alkali  with  1  liter  of 
distilled  water,  shaking  frequently,  and  determine  bicarbonates,  carbonates,  chlorids, 
and  sulphates,  after  standing  12  hours,  24  hours,  48  hours,  and  72  hours.  ^ 

(b)  Treat  10  grams,  25  grams,  and  50  grams  of  the  soils  used  in  (a)  with  1  liter  of 
distilled  water  with  frequent  shaking  for  the  time  giving  the  greatest  solubility  in  (a) 
and  determine  bicarbonates,  carbonates,  chlorids,  and  sulphates. 

The  referee  would  impress  upon  those  members  of  the  association  who  have  to 
deal  with  alkali  soils  the  importance  of  bavins  in  our  methods  processes  for  the 
satisfactory  estimation  of  the  soluble  salts  in  these  soils.  He  would  further  ur^ 
that  it  is  the  duty  of  those  so  situated  to  work  out  and  propose  methods  for  this 
purpose.  The  referee  therefore  makes  a  personal  appeal  to  each  member  in  the 
alkali  regions  to  devote  some  attention  to  this  line  of  work  this  year  in  order  that 
methods  may  be  adopted,  provisionally  at  least,  for  such  cases. 

«J.  Amer.  Chem.  Soc.,  24:  79. 

ftU.  S.  Dep.  Agr.,  Bureau  of  Soils,  Bui.  No.  18. 
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3. — METHODS  FOR  THU   J >KTBRM1  NATION   OK  80TL  ACIDITY. 
(Use  Jena  glanware  for  all  work. ) 

As  it  mav  be  inconvenient  for  many  to  secure  saitable  samples  for  this  work,  the 
referee  will  furnish  samples  to  those  who  request  them. 

A, — Deiermination  of  acidity  by  the  sodium  cMorid  method  proposed  by  Hopkins^  Knox, 
andPeUU,<i 

In  the  execution  of  this  method  note  the  following  points: 

(1)  Determine  as  far  as  possible  whether  or  not  there  is  anv  appreciable  amount 
of  free  strong  acid  in  the  sodium  chlorid  filirate  from  the  soil.  This  may  be  done 
by  comparing  the  reaction  of  the  filtrate  with  6  per  cent  sodium  chlorid  solution  to 
which  known  amounts  of  strong;  acid  have  been  added,  together  with  an  indicator, 
such  as  methyl  orange,  and  noting  the  sharpness  and  strength  of  color  in  the  two 


(2)  Note  whether  or  not  the  end  point  is  sharp,  and  state  whether  the  titration 
was  stopped  when  a  very  faint  permanent  pink  color  was  secured,  or  continued  until 
the  color  was  strong. 

(3)  Note  whether  or  not  a  precipitate  is  produced  on  adding  the  alkali  to  the  boil- 
ing liquid;  and  if  so,  filter  it  off  after  titration,  wash  with  water  and  detenuine  what 
bases  it  contains,  and  estimate  each  accurately. 

(4)  Express  all  results  on  the  basis  of  the  water-free  soil  in  parts  of  lime  per  mil- 
lion of  son. 

J5. — DelermincUion  of  acidity  by  the  limewater  method  proposed  liy  Veitch.  ^ 
C. — Determine  Uie  reaction  of  the  original  soil  furnished  oy  the  method  proposed  fnf  the 
referee.  « 

Determination  ok  Available  Potash  and  Phosphoric  Acid. 

Available  potash  and  phosphoric  acid  were  determined  by  the  N/200  acid  method, 
and  available  potash  by  simple  treatment  with  water. 

Potash  and  phosphoric  acid  were  determined  in  different  soil  layers  in  samples 
drawn  from  the  fertilized  plots  of  the  Maryland  station.  This  soil  is  deficient  in 
aviiilable  phosphoric  acid.  The  referee  was  unable  to  obtain  soils  to  different  depths 
which  are  known  to  be  deficient  in  potash. 

Most  of  the  soils  which  have  been  worked  on  are  drawn  from  the  collection  of  the 
Bureau  of  Chemistry.  The  amount  of  potash  and  phosphoric  acid  removed  from 
the  soils  by  various  crops  is  accurately  known,  thus  affording  an  absolute  standard 
with  which  to  compare  analytical  results.  I  desire  to  express  my  great  indebtedness 
both  to  Mr.  Wiley  and  Mr.  Moore  for  samples  of  soil  and  permission  to  transcribe 
their  records.    Both  analytical  and  crop  data  are  given  in  Table  I. 

«U.  8.  Dept  Agr.,  Bureau  of  Chemistry,  Bui.  73,  Procjeedings  Nineteenth  Annua 
Convention,  A.  0.  A.  C,  1902,  p.  114. 

frj.  Amer.  Chem.  Soc.,  1902,  24: 1120;  Proceedings  Nineteenth  Annual  Convention, 
A.  0.  A.  C,  1902,  p.  136. 
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Tablb  I. — Plant  food  removed  by  oats,  by  digegtion  in  diMiUed  loater,  and  in  N/ifOO  acid 
{C.  C.  Moore  and  F.  P.  Veitch). 

[Parts  per  million.] 


Description  of  NRmple. 


Removed    by 
oats. 


Water 
soluble. 


KjO       PjOs 


KtO 


N/200  acid  solu- 
ble. 


KsO       PA 


Vegetation  experiment,  Bureau  of  l^hemistry: 

California  soil,  pot  No.  1 

Illinois  station  soil,  pot  No.  5 

Massachusetts  station  soil,  pot  No.  12 

South  Dakota  station  soil,  pot  No.  22 

California  cultivated  soil,  pot  No.  63 

Massachusetts  cultivated  soil,  pot  No.  78 

Michigan  cultivated  soil,  pot  No.  80 

Wisconsin  cultivated  soil,  pot  No.  90 

Pennsylvania  cultivated  soil,  pot  No.  129 

Cooperative  £xperlments,  1902: 

Wisconsin  station  soil  (barnyard  manure  used) 

Vermont  station  soil 

Illinois  station  soil 

MiiB6uri  station  soil 

Virginia  station  soil 

Arlington  station  soil 

North  Carolina  station  soi  1 

Florida  station  soil 

Wyoming  station  soi  1 

Rothamsted  soils,  barley  continuously: 

Plot  Bu,  only  nitrogen  applied 

PlotBj.,  N  and  PjOb  applied 

Plot  Ba.,  N  and  K,0  applied 

Plot  B|.,  complete  fertilizer  applied 

Rothamsted  soils,  wheat  continuously: 

Wfc  unmanured  continuously 

W|o»,  only  nitrogen  applied 

W,i,N  and  P,08  applied 

Wu,  complete  fertilizer  applied 

Hemp  experiments,  Bureau  of  Chemistry,  Kentucky  soil.. 

Do 

A.  O.  A.  C.  samples: 

No.  1,  Ohio  station,  lacks  PgOfi 

No.  2,  Pennsylvania  station,  lacks  PfO^ 

No.  3,  Maryland  station,  lacks  PsOs 

No.  4,  Maryland  station,  well  supplied  with  all 

No.  5,  Massachusetts  station,  lacks  PsOg 

No.  6,  Kentucky  station,  lacks  KtO 

No.  7,  Rhode  Island  station,  lacks  K^O 

No.  8,  Rhode  Island  sUtlon,  lacks  PtOs 

Maryland  PfO^  experiments: 

Plot  No.  10,  0  to  8  Inches,  lacks  PjOo • 

Plot  No.  10,  8  to  16  inches 

Plot  No.  10, 16  to  86  inches 

Plot  No.  11,  0  to  8  inches,  well  supplied  with  all 

Plot  No.  11,  8  to  16  inches,  well  supplied  with  all 

Plot  No.  11, 16  to  36  inches,  well  supplied  with  all 

Maryland  KsO  experiments: 

Plot  No.  4,  0  to  8  inches,  well  supplied  with  all 

Plot  No.  4,  8  to  16  inches,  well  supplied  with  all 

Plot  No.  4, 16  to  36  inches,  well  supplied  with  all 
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From  these  results  it  appears  that  the  N/200  acid  method  when  not  corrected  for 
bacisity  extracts  less  phosphoric  acid  from  most  soils  than  is  removed  by  crops,  but 
usually  dissolves  more  potash  than  oats  remove.  Could  it  be  assumed  that  plants 
always  feed  to  considerable  depth,  say  3  or  4  feet,  the  low  solubility  frequently 
shown  would  be  amply  suflBcient  for  maximum  crops.  However,  we  have  positive 
data  showing  that  from  a  given  weight  of  soil  the  oats  obtained  more  phosphoric 
acid  than  the  method  shows  to  be  available. 

From  the  fact  that  this  method,  like  most  others,  distinguishes  quite  sharply 
between  fertilized  and  unfertilized  plots,  the  indications  are  that  acid  of  this  concen- 
tration attacks  chiefly  the  lime  phosphates,  while  iron  and  alumina  phosphates,  as 
well  as  the  phosphorus  of  organic  matter,  is  apparently  but  little  affected.  For  these 
reasons  it  appears  desirable  to  study  the  solvent  effect  of  more  concentrated  acids,  at 
the  same  time  endeavoring  to  reach  the  phosphorus  in  organic  combination.  For 
the  same  reason  it  is  imperative  to  correct  for  basicity  of  the  soil,  otherwise  only  the 
solubility  of  calcium  phosphate  in  salt  solutions  is  obtained.  A  method  is  now  being 
worked  out  for  estimating  the  free  mineral  acid  in  the  presence  of  acid  salts,  and  it 
is  hoped  that  valuable  data  will  be  obtained  along  this  line.  It  is  to  be  borne  in 
mind  in  devising  a  method  for  available  phosphoric  acid  that  the  activity  of  fungi 
may  be  reasonably  expected  to  constantly  place  more  phosphoric  acid  within  reach 
of  the  higher  plants,  and  it  is  practically  impossible  to  prognosticate  how  much  may 
be  thus  rendered  available  or  to  devise  a  chemical  method  that  will  measure  it. 

The  potash  declared  available  by  this  method  appears  to  be  usually  greater  than 
that  removed  by  the  oat  plant,  even  under  the  most  favorable  conditions,  and  is 
much  greater  than  is  usually  believed  to  be  necessary  for  the  production  of  maximam 
crops  under  field  conditions.  As  potash,  relatively  speaking,  is  seldom  the  control- 
ling element  in  our  soils,  it  can  not  l)e  assiuned  that  the  quantities  shown  by  the 
method  are  not  actually  available,  for  other  ^tors  limit  the  amount  removed  by  the 
plant. 

The  results  on  water-soluble  potash  liave  not  generally  borne  out  the  indications 
of  preliminary  work  with  this  solvent.  The  results,  however,  have  sufficient  signifi- 
cance to  justify  further  work  along  this  line,  changing  the  ratio  of  solvent  to  soil 
from  5:1  to  10:1.  One  difficulty  with  this  solvent  is  that  it  is  often  impossible  to 
obtain  a  perfectly  clear  filtrate,  but  it  has  been  found  that  the  addition  of  acid  for 
the  purpose  of  flocculating  the  clay  in  the  filtrate  dissolves  inappreciable  quantities  of 
potash  from  the  clay. 

Methods  for  tre  Analysis  op  Alkali  Soil. 

The  referee  was  unable  to  do  any  work  on  this  subject,  and  at  his  special  request  Mr. 
Seidell  and  Mr.  Brown,  of  the  Bureau  of  Soils,  U.  S.  Department  of  Agriculture,  imder- 
took  a  study  of  the  ratio  of  soil  to  w*ater  and  of  the  effect  of  time  on  the  solubility 
of  alkali  salts.     The  results  obtaine<l  were  reported  by  Mr.  Seidell  as  follows: 

REPORT  ON    analysis   OF    ALKALI    SOILfi   BY    A.  SEIDELL. 

The  soil  samples  employed  represented  three  classes  of  "alkali,"  characterized, 
respectively,  by  an  excess  of  sulphates,  carbonates  together  with  chlorids,  and 
chlorids. 

In  the  experiments  planned  to  show  the  effect  of  time  upon  the  amounts  of  salts 
dissolved  (first  three  analyses  of  each  sample),  three  portions  of  each  soil  sample 
were  used,  one  portion  being  for  the  one-day  digestion  period,  another  for  the  two- 
day,  and  a  third  for  the  three-day  period.  The  weighed  6-gram  portions  of  each 
sample  were  placed  in  flasks  and  500  cc  of  water  added,  after  which  all  of  the  flasks 
were  shaken  thoroughly  for  several  minutes.  After  standing  24  hours  the  first  set 
of  three  solutions  was  analyzed.  The  analysis  consisted  in  siphoning  off  about  400  cc 
of  the  cloudy  solutions,  using  100  cc  portions  for  the  titrations,  and,,  after  clearing 
the  remainder  by  means  of  several  drops  of  hydrochloric  acid,  100  cc  portions  were 
taken  for  the  determination  of  sulphates. 
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The  second  set  of  flasks,  after  having  stood  48  hours  without  additional  shaking, 
were  treated  in  the  same  manner  as  the  first  set  The  third  set  were  shaken  well  at 
the  end  of  48  hours  and  then  allowed  to  stand  24  hours  longer  before  being  analyst. 

From  the  results  obtained  aa  above  described  it  appears  that  in  some  cases  there 
is  a  slight  increase  in  the  amount  of  soluble  salts  obtained  by  longer  digestion,  while 
in  other  cases  there  is  a  slight  decrease.  It  therefore  appears  that  no  advantage 
results  by  extending  the  time  of  digestion  beyond  one  day.  It  is  possible,  however, 
that  if  the  experiments  were  modified  so  that  the  solutions  were  snaken  at  frequent 
intervals,  or  shaken  continually  by  means  of  a  suitable  aoparatus  for  different 
lengths  of  time,  the  amounts  of  salts  dissolved  would  bear  a  definite  relation  to  the 
lengths  of  time  of  the  digestion. 

The  results  obtained  from  the  analysis  of  the  solutions  prepared  with  varying 
amounts  of  soil  to  the  same  amount  of  water  show,  on  the  otner  nand,  in  most  cases 
a  somewhat  less  percentage  of  soluble  salts  than  are  found  when  the  amount  of 
water  to  each  gram  of  soil  is  greater.  This  fact  is  also  brought  out  by  the  results  of 
the  analyses  of  alkali  soils  made  by  Mr.  Breazeale  and  Mr.  Yeitch,  and  given  in  the 
report «  of  the  referee  on  soils  for  last  year. 

It  is  to  be  noticed,  however,  that  with  alkali  soils  containing  relatively  large 
amounts  of  soluble  salts  the  differences  obtained  by  the  use  of  10  grams  of  soil  to  1 
liter  of  water  and  of  50  grams  of  soil  to  1  liter  are  proportionately  less  than  the  differ- 
ences found  for  soils  containing  very  small  amounts  of  readily  soluble  material. 

It  will  also  be  seen  that  while  the  results  presented  last  year  indicate  that  the 
sulphate  determination  is  most  affected  by  the  concentration  of  the  solution,  the 
results  given  in  the  accomjmnying  table  show  that  the  sulphate  determination  is 
affected  no  more  by  chanee  in  the  proportion  of  soil  to  water  used  than  is  the  deter- 
mination of  chlorin  or  carbonates. 

On  the  whole,  it  appears  that  while  the  use  of  less  than  50  grams  of  soil  to  1  liter 
of  water  vields  higher  results  in  most  cases,  especially  those  where  the  percentage 
of  '^alkali"  is  low,  it  is  probably  no  ^reat  advantage  to  use  the  larger  amount  of 
water,  since  by  keeping  to  the  proportions  already  adopted  in  the  Bureau  of  Soils  it 
is  very  certain  that  all  of  the  soluble  material  to  which  the  "alkali* '  qualities  of  the 
soil  are  to  be  attributed  are  brought  into  solution  and  easily  determined  by  the  ordi-> 
nary  analytical  processes. 

The  use  of  less  soil  than  50  grams  per  liter  will  no  doubt  cause  some  inconvenience 
and  diminish  the  accuracy  of  the  work  in  cases  where  the  soil  contains  very  small 
amounts  of  alkali,  and  therefore  yields  a  very  dilute  solution  in  which  the  several 
determinations  are  to  be  made.  There  is  probably  no  very  great  advanta^  to  be 
attained  in  the  use  of  any  one  of  the  ratios  of  soil  to  water  here  considered,  either  in 
respect  to  the  facility  of  performing  the  analytical  operations  or  the  character  of  the 
results  obtained.  The  laboratory  of  the  Bureau  of  Soils  has  used  the  ratio  of  50 
grams  of  soil  to  1  liter  of  water  for  four  years,  and  in  that  time  made  several 
thousand  analyses  of  alkali  soils  from  all  the  principal  alkali  areas  of  this  country 
and  several  areas  in  foreign  countries. 

In  illustration  of  the  points  brought  out  in  this  report  I  submit  herewith  the  ana- 
lytical results  obtained  by  myself  and  Mr.  Bailey  E.  Brown,  working  independently. 

Tablk  II. — Results  on  maximum  solnlnlily  of  alkali  soils,  and  effect  of  time  and  variciHon 
of  relative  prctportxon  of  soil  to  vxiter. 

[Resulta  exprt'jwed  In  perctentage  of  air-dried  soil.] 

Analyses  made  by  A.  Seidell. 

SAMPLE  NO.  6603.     (BILLTNOS,  MONT.    ALKAU  CRUST.    TOTAL  SALTS  BY   ANALYSES, 

2.58  PER  CENT.) 


Tlm« 

in 
days. 

RHtio. 

C03. 

HCOs- 

CI. 

SO,. 

Soil. 

Water. 

GranM. 

cc. 

1 

10 

1,000 

0.00 

0.1ft5 

0.246 

1.65 

'2 

10 

1,000 

.00 

.106 

.246 

1.64 

3 

10 

1,000 

.00 

.099 

.228 

2.01 

1 

25 

1,000 

.00 

.06 

.14 

1.6 

1 

50 

1,000 

.00 

.05 

.13 

1.6 

al 

50 

1,000 

.00 

.03 

.084 

1.68 

»Pro<'ee<iing8  Nineteenth  Convention  of  the  A.  ().  A.  C,  1902,  p.  112. 
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Table  II. — Results  on  maximum  solubility  of  alkali  soils,  and  effect  of  time  and  variation 
of  relative  proportion  of  soil  to  waf«^— -Continued. 

SAMPLE  NO.  6678.    (WALLA  WALLA  COUNTY,  WASH.,  ALKALI  CRUST.    EFFERVESCED 
WITH  HYDROCHLORIC  ACID.    TOTAL  SALTS,  22.64  PER  CENT.) 


Time 

in 
days. 

RaUo. 

CO,. 

HCO3. 

CI. 

80*. 

Soil. 

Water. 

Omms. 

•     cc. 

1 

'     10 

1,000 

2,918 

3.15 

11. 2G 

2.25 

2 

10 

1,000 

3.57 

2.12 

11.47 

2.49 

3 

10 

1,000 

3.27 

2.72 

11.50 

2.60 

1 

25 

1,000 

2.8C 

8.51 

11.47 

2.87 

1 

50 

1,000 

3.34 

2.0G 

10.69 

2.25 

al 

50 

1,000 

2.35 

SAMPLE  NO.  7265. 


(SALT  LAKE  CITY,  UTAH.    0-12  INS.    EFFERVESCED  WITH  HYDRO- 
CHLORIC ACID.    TOTAL  SALTS,  1.64  PER  CENT.y 


1 

10 

1,000 

0.074 

0.181 

0.897 

0.177 

2 

10 

1,000 

.082 

.166 

.904 

.164 

3 

10 

1,000 

.065 

.215 

.922 

.156 

1 

25 

1,000 

.06 

.10 

.716 

.200 

1 

50 

1,000 

.036 

.066 

.01 

.198 

al 

50 

1,000 

.034 

.14 

.56 

.29 

a  Analyses  made  by  Bailey  E.  Brown  in  the  courae  of  the  regular  routine  of  analytical  work  of  the 
laboratory. 

Analysbh  made  by  B.  £.  Brown. 
SAMPLE  NO.  6604. 


Time 

in 
days. 

Ratio. 

CO,. 

HCO3. 

CI. 

80^. 

Soil. 

Water. 

1 
2 
6* 

Oranu. 
1 

1 
1 

cc. 
100 
100 
100 

0.00 
.00 
.00 

0.24 
.24 
.24 

0.175 
.175 
.175 

1.67 
1.67 
1.58 

SAMPLE  NO.  6676. 


1 

1 

100 

8.10 

7.75 

Trace. 

1.68 

2 

1 

100 

7.83 

8.a5 

Trace, 

1.64 

61 

1 

100 

8.16 

7.14 

Trace, 

1.68 

SAMPLE  NO.  8083. 


1 

1 

100 

0.00 

0.48 

1.12 

0.69 

2 

1 

100 

.00 

.51 

1.12 

.68 

6* 

1 

100 

.00 

.51 

1.16 

.67 

The  results  are  in  the  main  in  harmony  with  the  results  obtained  last  year  except 
that  the  solubility  of  sulphates  does  not  appear  to  be  as  much  affected  by  concentra- 
tion and  time  as  was  indicated  by  the  figures  obtained  last  year.  This  is  doubtless 
due  to  the  fact  that  none  of  the  samples  used  this  year  contained  relatively  lai^ 
amounts  of  soluble  sulphates,  the  highest  percentage  being  2.60,  while  last  year 
samples  containing  as  high  as  14.50  per  cent  were  used. 

The  referee  still  thinks  that  the  solubility  of  sulphates  is  influenced  both  by  lime 
and  concentration.     Indeed  Cameron «  has  shown  that  under  laboratory  conditions 

«U.  S.  Dept.  of  Agr.,  Bureau  of  Soils  Bui.  No.  18. 
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the  maximum  Holubility  of  gypsum  in  sociium  chlorid  was  not  reached  in  mueh  leas 
than  72  hours.  In  sulphate  solutions  it  would  doubtless  be  slower.  As  calcium  sul- 
phate is  a  beneficial  rather  than  an  injurious  compound,  and  in  many  cases  the  time 
of  solution  may  be  indefinitely  prolonged,  it  is  necessary  to  arbitrarily  limit  it  and 
from  20  to  24  hours  appears  to  be  the  most  suitable  period.  It  is  regretted  that  those 
chemists  who  have  to  deal  with  the  alkali  problem  did  not  participate  in  the  work. 

Soil  Acidity. 

The  referee  has  devoted  a  great  deal  of  time  in  the  past  three  years  to  a  study  of 
soil  acidity  and  methods  for  its  estimation.  Some  of  the  statements  made  are  based 
on  work  the  details  of  which  will  be  published  elsewhere.  The  work  has  been  con- 
fined to  the  limewater  method  and  the  sodium-chlorid  method.  In  the  first  work 
done  with  the  sodium-chlorid  method  it  w^as  at  once  observed  that  in  titrating  the 
solution  with  alkali  a  precipitate  w^as  always  formed.  This  was  usually  found  to 
be  aluminum  hydrate,  and  careful  investigation  showed  that  this  precipitate  calcu- 
lated to  aluminum  oxid  require<l  practically  all  the  alkali  used  in  the  titration,  assum- 
ing that  a  solution  of  aluminum  chlorid  was  being  titrated.  The  figures  obtained  are 
given  in  Table  III. 

Table  III. — like  reUUion  hehvem  alkali  required  and  dissolved  add-sali-forming  bases. 


Description  of  sample. 


Amount  of  ^720  alkali 
required  by— 


100  cc 
sodium 
chlorid 
filtrate. 


100  cc 
water  fil- 
trate. 


3. 

100  cc 

sodium 

chlorid 

sol. 

acids. 


in  100  cc  al- 
kali filtrate. 


Ferricalu- 
minum, 
and  man- 
ganese ox- 
ids. 


Zinc 
oxid. 


Amount  of  N/20  alkali 
required  by— 


6. 

Ck>l- 
umn4, 

ex- 
preased 
as  alu- 
minum 

oxid. 


Zinc 
oxid. 


8. 
Not  ac- 
count- 
ed for 
by  alu- 
minum 

and 
dnc  ox- 
ids. 


Fine  sand,  rich  In  organic 
matter 

Rhode   Island   station,  very  | 
acid I 

Kaolin,  good  grade 

Kaolin,  good 

Vegetation  experiments,  Bu- 
reau Chemistry,  California 
soil: 

Limed 

Not  limed 

V^etation  experiments.  Bu- 
reau Chemistry,  Illinois  sta- 
tion  

Carlyle  silt  loam, subsoil,  Illi- 
nois  

Plot  No.  6,  fertilizer  experi- 
ments, Pennsylvania  sta- 
tion  

Plot  No.  10,  phosphoric  acid 
experiments,  Maryland  sta- 
tion  

Sand  from  propagating  house. 

Collington  loam,  glauconltic. 
Prince  Qeoxge  County,  Md. . 


l.f. 
1.6 
4.2 


5.8 
19.0 


2.2 
31.5 


1.2 
25.7 


mg. 


2.7 

1.0 

.7 

Not  det. 


1.0 
3.4 


Alkaline. 
Not  det. 


Alkaline 


24.0 


1.0 


4.3 
15.6 


2.2 


1.4 

2.0 
1.2 
3.0 


2.2 
2.6 


1.0 
80.4 

.6 


1.7 


28,Fe,0, 
22.8 


mg. 


8.6 
29.4 


1.5 

2.0 
1.3 
8.3 


2.4 
3.0 


1.1 
33.4 


21.5 
23.5 


8.6 
12.2 


2.7 

0.0 
.8 
.9 


0.0 
8.8 


1.1 
0.0 

0.0 

.6 
4.2 

0.0 
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Table  III. — The  relation  between  alkali  required  and  dissolved  add-saH-forming 

bases — Continued . 


Description  of  sample. 


100  cc 
sodium 
ehlorid 
filtrate. 


Ix)am,  District  of  Columbia, 
very  acid,  growth  only  sor- 
rel  

Clay  subsoil,  Piedmont  region, 

Fine  sand,  rich  in  organic 

matter,  treated  with— 

Normal  sodium  ehlorid . . , 

Double    normal    sodium 

ehlorid , 

Normal  potassium  ehlorid 
Double  normal  potassium 

ehlorid , 

Brick  clay  treated  with— 
Normal  sodium  ehlorid. . . 
Double    normal    sodium 

ehlorid , 

Normal  potassium  ehlorid 

Double  normal  potassium 

ehlorid 


Amount  of  N/20  alkali 
required  by — 


22.8 
2.8 


3.6 

5.2 
6.6 

8.0 

22.0 

25,3 
27.6  ' 

29.6 


100  CC 
water  fil- 
trate. 


100  CC 

sodium 

ehlorid 

sol. 

acids. 


4.5 
6.9 


7.3 
21.6 


24.9 
27.2 


Bases  in  100  cc  al- 
kali filtrate. 


Ferric,  alu- 
minum, 
and  man- 
ganese ox- 
Ids. 


21.8 
1.8 


2,3 


3.5 
5.0 


20.0 
20.6 


Zinc 
oxid. 


mg. 


Amount  of  N/20  allukli 
required  by- 


Col-    j 
umn  4, 1 

ex- 
pressed 
as  alu- 
minum 

oxid. 


23.0 
2.0 


2.5 


3.9 
5.0 


7.6 
19.1 


22.0 
22.2 


23.2 


Zinc 
oxid. 


8. 
Not  ac- 
count- 
ed for 
by  alu- 
minum 

and 
zinc  ox- 
ids. 


0.0 

.8 


1.1 


1.3 
1.1 


.4 

2.9 


3.3 
5.4 


These  results  show  conclusively  that  the  apparent  acidity  of  the  solution  is  due  to 
the  presence  of  an  acid  salt,  usually  aluminum  ehlorid.  In  no  instance  was  the 
referee  able  to  find  an  appreciable  amount  of  free  hydrochloric  acid,  even  in  the 
most  acid  of  these  solutions.  The  test  used  was  that  previously  given  and  its  appli- 
cability here  can  be  easily  proved.  Solutions  of  other  salts  and  other  strengths  of 
sodium  ehlorid  have  also  been  tried,  and  the  results  of  these  experiments  are  given 
in  Table  IV. 


Table  IV. — Sodimn-chlorid  method; 

o/yidUy  by  different  solvents  of  varying  strength. 

Description  of  sample. 

Soil. 

Kind  and  strength  of  solvent. 

N/20  al- 
kali to 
100  cc  of 
filtrate. 

cc. 

1        28.0 

1        29.0 

40.0 

40.0 

J        19.2 

1        19.0 

f        25.0 

1        26.0 

J        25.5 

1        26.5 

18.8 

j        22.4 

I       28.0 

Acidity, 
parts  per 
mllUon. 

Orams. 
200 

5  per  cent  sodium  ehlorid 

960 

Do 

Do 

Do 

200 
200 

100 

10  per  cent  j«)dium  ehlorid 

20  per  cent  sodium  clilorid 

5  per  cent  sodium  ehlorid 

1.015 
1,400 
1.400 
1,314 

Do 

100 

100 
100 
100 

10  per  cent  sodium  ehlorid 

20  per  cent  sodium  ehlorid 

5  per  cent  sodium  sulphate 

5  per  cent  potajmlum  sulphate 

1,300 

1,750 

Do 

1,820 
1,785 

Do 

1,855 
1,316 

Do 

1,568 

1,610 
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Table  IV. — Sodium-chlorid  method;  acidity  by  different  solvents  of  varying  strength — 

Continued. 


Description  of  Bample. 

Soil. 

Brick  clay  (air-dry  Haznple) 

100 

Do 

100 

Do 

25 

Do 

50 

Do 

100 

Do 

100 

Bandy  soil,  rich  in  oneranic  matter  . . 
Do 

100 
100 

Do 

26 

Do 

50 

Do 

100 

Do 

100 

Kind  and  stretigth  of  solvent. 


100     Normal  sodium  chlorid  . 


2  normal  sodium  chlorid 

Normal  sodium  chlorid 

Normal  sodium  chlorid 

Normal  potassium  chlorid. . . 
2  normal  potassium  chlorid  . 

Normal  mdium  chlorid 

2  normal  sodium  chlorid 

Normal  sodium  chlorid 

Normal  sodium  chlorid 

Normal  pota.ssium  chlorid. . . 
2  normal  pota-Hslum  chlorid  . 


N/20  al- 
kali to 
100  cc  of 
filtrate. 


Acidity, 
parts  per 
million. 


22.0 

1,540 

23.0 

1,610 

25.3 

1,771 

7.5 

2,100 

13.5 

1,890 

27.6 

1,932 

29.6 

2,072 

3.6 

252 

5.2 

364 

1.7 

476 

2.5 

350 

6.6 

462 

8.0 

560 

The  acidity  appears  to  vary  with  the  kind  and  fltrenjjjth  of  the  salt  sohition,  but 
the  variation  can  not  \ye  foretold  nor  is  the  assumption  justified  that  any  particular 
strength  or  kind  of  a  salt  solution  is  a  measure  of  the  lime  requirements  of  soils. 
The  originators  of  the  method  found  that  the  reaction  taking  place  was  not  complete, 
and  proposed  a  factor  of  1.5  and  later  of  2. to  correct  for  this  condition.  It  was  found 
that  the  brick  clay  reported  in  Table  IV  required  the  factor  1.3,  while  the  sand  rich 
in  organic  matter  required  a  factor  of  2.  It  is  evident,  therefore,  that  the  same  factor 
is  not  applicable  to  all  soils  and  that  a  large  error  is  introduced  by  the  use  of  a  single 
factor.  The  determination  of  the  factor  for  every  soil  would  lengthen  the  method 
greatly. 

It  has  also  been  found  that  a  soil  containing  organic  matter,  limed  in  accordance 
with  the  results  obtained  by  this  method,  is  seldom  neutral  but  still  is  acid,  accord- 
ing to  the  method.  Some  faintly  alkaline  soils  also  show  acidity  by  this  method,  as 
is  seen  in  Table  V. 

It  is  concluded  that  this  method  does  not  show  the  acidity  due  to  water  insoluble 
on;anic  acids,  that  there  is  no  quantitative  setting  free  of  liydrochloric  acid  by  such 
organic  acids,  and  that  the  apparent  acidity  as  thus  determined  is  due  to  the  water 
soluble  acids  and  acid  salts  plus  the  acid  salts  which  are  produced  by  the  action  of 
the  salt  solution  upon  the  hydrous  or  other  silicates  of  the  soil.  The  method  in  its 
present  form  has  nothing  like  the  accuracy  claimed  for  it  by  the  originators.  If  the 
acidity  requires  20  or  more  cubic  centimeters  of  N/20  alkali  per  40  grams  of  soil, 
duplicates  may  differ  from  one-half  to  1  cc  of  alkali,  which  is  equal  to  35  to  70 
parts  per  million,  and  the  multiplication  of  this  error  by  an  erroneous  factor  may 
increase  the  actual  error  to  as  much  as  600  parts  per  million. 
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Several  modifications  of  the  limewater  method  have  been  tried,  the  results  of  which 
are  given  in  Table  V.  No  modification  presented  any  advantage  over  the  original 
method  and  the  table  calls  for  no  detailed  discussion: 

Table  V. — AcidUy  expressed  cu  parts  of  calcium  oxid  per  miUion  of  soil. 


Description  of  sample. 


Sodi- 
axn 

chlo- 
rid 

meth- 
od. 


Calcium  hydroxid  method. 


Dried  on  bath. 


Stood  16 
hoois.     hours. 


Dried 
in  air: 
Stood40|8tood  16 
hours, 


Not 

dried; 

stood  16 

hours. 


Sandy  soil  rich  In  organic  matter,  Norfolk,  Va , 

Sandy  soil  rich  in  organic  matter,  after  cropping 

Sandy  soil  rich  in  organic  matter,  limed  sodium  chlorid 

method  20O  parts  per  M 

Sandy  soil  rich  in  organic  matter,  limed  1,7D0  parts  per  M. . 

Loam,  very  acid,  growth  sorrel 

Loam,  very  acid,  growth  sorrel,  after  croppiz\g 

Loam,  very  acid,  growth  sorrel,  after  cropping,  Umed  1,200 


parts. 


Loam,  very  acid,  growth  sorrel,  after  cropping,  limed  2,250 
parts  per  M , 

Pot  No.  67,  PsOs  experimento,  calcium  oxid  series,  Rhode 
Island  station 

Pot  No.  67,  vegetation  experiments.  Bureau  of  Chemistry, 
California  soil,  limed  1,200  parts 

Pot  No.  68,  vegetation  experiments.  Bureau  of  Chemistry, 
California  soil ,  unlimed 

Pot  No.  86,  vegetation  experiments.  Bureau  of  Chemistry, 
Illinois  station 

Kaolin  No.  1 

Kaolin  No.  2 

Carlyle  silt  loam,  Illinois 

Coarse  sand  from  propagating  house 

CoUington  loam,  subsoil,  glauconitic,  Maryland 

Brick  clay,  4  feet  below  surface,  Maryland 

Calcium  oxid  plot,  10  bushels  per  acre,  0  to  6  inches,  Mary- 
land station 

Calcium  oxid  plot,  20  bushels  per  acre,  0  to  6  inches,  Mary- 
land station 

Calcium  oxid  plot,  80  bushels  per  acre,  0  to  6  inches,  Mary- 
land station  

Calcium  oxid  plot,  0  bushels  per  acre,  0  to  6  inches,  Mary- 
land station 

Plot  No.  4,  "soil  test"  plot,  Rhode  Island  station,  taken 
1894 


268 
2S2 

161 

49 

1,365 

1.631 

658 

91 

112 

370 

1,330 

153 
112 
280 
2.170 
1,800 
1,470 
1,610 

196 

63 


406 
518 


4,000 
3,900 

3,800 
2,400 


2,400 
2,100 
1,200 


3,400 
3,200 

2,700 
1.600 
2,200 
2,000 

1,200 


3,900 
>3,400 


3,500 
2,100 


<1,900 
<2,000 


600  |<1,000 


1,000  I        600  I >    800 


800 
2,500 
2,000 

1.600 

600 

800 


900 

2,000 

(«) 
100 
150 
2,600 
1,000 
1,100 
1,400 

500 

300 

600 
1,800 


2.000 


100 


<2,400 


1,900 


1,600 


100 
2,600 


100 
2,400 


<1,300 
<    400 


1,200 
300 

200 


<    500 

<1,700 


400 
1,700 


a  Alkaline. 

The  fact  that  long  standing  of  the  treated  and  dried  soil  in  contact  with  water 
shows  less  acidity  than  short  standing  is  interesting  and  seems  to  indicate  the 
breaking  up  of  the  more  insoluble  calcium  silicrates  on  long  standing.  The  method 
is  rather  long  and  cumbersome  and  for  this  reason  is  objectionable.  It  is  accurate 
to  within  300  to  400  parts  per  million  under  extreme  conditions,  i.  e.,  where  the 
supernatant  liquid  is  highly  colored  by  organic  matter  and  where  the  acidity  is  high. 
On  soils  of  low  acidity  which  give  colorless,  clear  liquids  the  results  are  accurate  to 
within  100  parts  per  million.  Both  methods  are  simple  in  their  details  and  it  does 
not  appear  worth  while  to  devote  further  analytical  study  to  them  until  a  more  defi- 
nite knowledge  is  possessed  as  to  the  actual  lime  requirements  of  soils  as  a  basis  for 
such  investigations. 
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R]9CX)MMENDATION8. 

It  is  recommended — 

(1)  That  in  the  continuation  of  the  work  on  methods  for  available  phosphoric 
acid  the  referee  compare  greater  concentrations  than  N/200  acid. 

(2)  That  the  work  on  the  solubility  of  phosphoric  add  and  potash  in  the  differ- 
ent soil  layers  be  continued. 

(3)  That  the  referee  investigate  methods  for  determining  total  phosphoric  add. 

(4)  That  the  following  provisional  method  for  the  analysis  of  the  water  soluble 
portion  of  alkali  soils  be  incorporated  in  the  methods: 

PBOPOSBD    PROVISIONAL    METHOD    FOR    THE    DETERMINATION    OF    WATER    SOLUBLE   CON- 
STITUENTS OP   ALKALI  SOIIiS. 

(a)  Preparation  of  solution. 

Place  25  grams  of  soil  in  a  graduated  600  cc  flask,  fill  to  the  mark  with  distilled 
water,  allow  to  stand  twenty  to  twenty-four  hours,  shaking  frequently,  and  filter 
through  a  dry  filter,  or  if  clear,  siphon  off  the  supernatant  liquid. 

(b)  Determination  of  total  carbonates. 

Titrate  an  aliquot  portion  of  this  filtrate  with  N/20  sulphuric  add,  using  a  few 
drops  only  of  methylorange  as  indicator,  and  be  very  careful  not  to  run  over  the 
end  point.  From  the  number  of  cubic  centimeters  of  acid  required  calculate  the 
total  CO,  Bn  carbonates. 

(c)  Determination  of  chlorin. 

To  the  aliquot  portion  used  for  the  titration  of  carbonates  add  a  few  drops  more 
of  N,/20  acid,  then  a  little  potassium  chromate,  and  titrate  with  N/10  silver  nitrate  and 
calculate  to  chlorin  (cc  N/10  silver  nitrate  multiplied  by  0.003518=:the  number  of 
grams  of  chlorin). 

(d)  Determination  of  sulphuric  acid. 

An  aliquot  portion  of  the  original  filtrate  is  made  slightly  acid  with  hydrochloric 
acid,  and  if  clay  is  flocculated  the  solution  is  filtered  and  the  filter  washed  free  of 
sulphates.  To  the  boiling  solution  add  slowly  a  large  excess  of  barium  chlorid  solu- 
tion and  finish  the  determination  as  in  4  (j  )a.  In  solutions  containing  large  amounts 
of  carbonates  the  igniteil  barium  sulphate  should  be  treated  with  hydrofluoric  acid 
and  a  few  drops  of  sulphuric  acid  ignited  and  again  weighed. 

(e)  Determination  of  bases. 

If  the  original  filtrate  is  turbid,  as  it  is  apt  to  be  when  the  soil  contains  carbonates 
and  but  little  of  other  salts,  it  may  be  cleared  by  adding  5  cc  of  thick  alumina  cream 
to  200  or  300  cc  and  filtering  through  a  dry  filter.  In  using  portions  of  this  filtrate 
for  the  determinations,  correction  should  be  made  for  the  added  alumina  cream.  To 
aliquot  portions  of  the  solution  add  hydrochloric  acid  in  excess,  and  in  cases  where 
silica  may  be  present,  separate  in  the  usual  way  and  determine  the  bases  as  in  4  (b), 
(c),  (d),and(e).& 

(f)  Determination  of  phosphoric  add. 

Add  an  excess  of  nitric  acid  to  an  aliquot  portion  of  the  original  solution.  Make 
nearly  neutral  with  ammonia,  precipitate  with  ammonium  molybdate,  finishing  the 
determination  as  in  4  (g).  <^ 

«  U.  S.  Dept.  of  Agr.,  Bureau  of  Chemistry  Bui.  No.  46,  Methods  of  Analysis,  p.  75. 
&Ibid.,  pp.  72,  73. 
«Ibid.,  p.  74. 
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(5)  That  on  page  72,  under  4  (a),  "Acid  digestion  of  the  soil,"  the  tenth  line  be 
changed  to  read,  "filter,  wash  free  of  chlorids,  and  again  evaporate  the  filtrate  to 
complete  dryness  as  before." 

(6)  That  on  page  74,  under  4  (g),  determination  of  phosphoric  acid,  the  official 
method  given  be  marked  "(a)"  and  the  following  optional  provisional  method  be 
inserted  as  (b): 

(b)  Optioned  provisioned  method:  Proceed  as  in  (a)  "until  all  the  phosphoric  acid  is 
precipitated ''  and  then  finish  the  determination  as  follows: 

After  standing  for  three  hours  at  a  temperature  not  above  50°,  filter  on  a  small 
filter,  w^ash  with  water  until  two  fillings  of  the  filter  do  not  greatly  diminish  the 
color  produced  with  phenol phthalein  by  one  drop  of  standard  alkali.  Place  the  filter 
and  precipitate  in  the  beaker  and  dissolve  in  standard  alkali,  add  a  few  drops  of 
phenolphthalein  solution,  and  titrate  with  standard  acid,  1  cc  of  which  equals  0.00(15 
gram  of  phosphoric  acid  (P2O5). 

(7)  That  on  page  74,  4  (h),  the  word  "available"  be  omitted  from  the  heading 
"Provisional  method  for  the  determination  of  available  i)ho8phoric  acid." 

(8)  Under  4  (k),  "Determination  of  potash  and  soda,"  insert  in  sixth  line,  after 
"hot  water,"  Finish  by  (1)  or  (2). 

(1)  Add  ammonia,  etc.  (present  method). 

(2)  To  the  hot  filtrate  add  slowly  a  few  cubic  (^ntimeters  of  ammonium  sulpliate 
(75  grams  salt  per  liter)  and  after  the  precipitate  has  settled  filter  and  wash  thoroughly 
with  hot  water,  evaporate  the  filtrate  to  dryness,  and  ignite.  Add  a  little  hot  water, 
and  if  any  material  is  not  dissolved  filter,  wash,  evaporate  to  dryness  and  ignite  as 
before.  Add  a  little  ammonium  carbonate,  volatilize  to  break  up  bisulphates.  Heat 
to  redness  and  weigh  as  sulphates. 

(9)  That  on  page  76,  paragraph  10,  "Determination  of  humus,"  eleventh  line, 
insert  after  the  word  "filtered"  "the  filtrate  must  l3e  perfectly  clear  and  free  from 
turbidity." 

(10)  That  the  retiring  referee  l)e  instructed  to  make  such  verl)al  corrections  as 
these  changes  will  involve  and  submit  them  to  the  secretary  for  approval  and 
publication. 

Mr.  LiPMAN.  I  have  a  paper  on  soils  to  submit. 

THE  FIXATION  OF  ATMOSPHEEIO  NITEOGEU  BY  BAOTERIA. 
By  J.  G.  LiPMAN. 

Important  discoveries  in  the  domain  of  agricultural  bacteriology  have  often  been 
preceded  by  repeated  failure.  No  better  example  need  be  cited  than  the  history  of 
that  well-known  problem,  the  fixation  of  atmospheric  nitrogen  by  the  joint  activity 
of  Bacillus  radicicola  and  of  leguminous  plants.  One  need  but  recall  the  work  of 
Bou8singault,fl  and  the  work  of  Lawes,  Gilbert,  and  Pugh,^  and  their  painstaking 
care  and  the  conscientious  attention  to  detail,  to  realize  the  limitiitions  of  even  the  best 
of  investigators.  Their  failure  is  no  less  instructive  than  the  partial  suct^ess  of  Atwater^ 
and  the  complete  success  of  Ilellriegel  and  Wilfarth.^  Both  the  failure  and  the 
success  lay  a  strong  emphasis  on  the  importance  of  the  biological  properties  of  arable 
soils  as  a  factor  in  the  economy  of  plant  growth.  It  is  a  significant  fact,  and  not 
devoid  of  encouragement  to  those  who  are  interested  in  the  progress  of  agriculture, 
that  the  soil  chemist  and  the  soil  physicist  have  come  to  a  better  appreciation  of 


aCompt.  rend.,  1859,  48:  303;  Agronomic,  etc.,  1860,  2d  ed.,  vol.  1. 

6  Philosophical  Transactions,  1861,  part  H;  Philosophical  Transactions,  1888. 
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their  common  aimfl  and  have  leame<l  to  work  together.  And  it  is  to  be  hoi)ed  that 
in  the  study  of  soil  problems  the  proper  plat»e  will  be  acconled  to  soil  bacteriology. 
Nothing  but  good  can  result  from  this  recognition.  It  will  l)e  found  that  soil  bacteri- 
ological studies  wnll  help  to  explain  many  a  seemingly  inexplicable  result  obtained 
in  field  and  vegetation  experiments. 

The  fixation  of  atmospheric  nitrogen  by  soil  ba(!teria  in  cooperation  with  higher 
plants  has  been  the  subject  of  much  thought  an<l  of  much  study,  and  we  all  know 
what  the  achievements  in  this  field  of  research  have  been;  but  as  to  the  fixation  of 
elementary  nitrogen  by  bacteria  independently  of  higher  plants  very  little  is  known. 
The  collection  of  facta  bearing  on  this  point  is  of  recent  origin,  and  most  of  these 
facts  have  l)een  brought  to  light  within  the  last  two  years.  A  rapid  survey  of  the 
subjet^t  and  its  historical  development  will  show  its  present  status. 

In  his  second  series  of  exi^erimentfi  on  the  fixation  of  atmospheric  nitrogen 
Boussingault  obtained  results  which  showed  a  gain  of  nitrogen  in  the  soils  experi- 
ment^Hl  with.  He  gn^w  leguminous  plants  in  a  mixture  of  rich  garden  soil  and  sand, 
and  found  at  the  end  of  the  experiment  a  gain  of  71.4  mg  of  nitrogen  on  the  359.7 
mg  pupplie<l  in  the  seed  and  soil.  That  was  in  1858.  In  the  following  year  he 
repeated  the  exi)eriment,  and  obtaine<l  a  gain  of  67. 1  mg  on  a  total  of  338.0  mg  of 
nitrogen  supplie<l  in  the  soil  and  in  the  seed.  Stranger  still,  he  noted  that  there 
was  more  gain  in  the  soil  itself  than  in  the  plants;  that  the  soil,  moreover,  gained 
not  only  in  nitrates  and  ammonia,  but  organic  matti^r  also,  possibly  the  remains  of 
living  organisms.     To  use  his  wonls  as  transcribed  by  Gilbert: 

Vegetable  earth  contains  not  only  dead  organic  matter,  but  living  organisms — 
germs — the  vitality  of  which  is  susiHjnded  by  drying  and  ret^stablished  under  favor- 
able conditions  as  to  moisture  and  temperature.  This  mycodermic  vegetation  is  not 
always  visible  to  the  naked  eye  and  its  progress  must  be  followed  by  the  aid  of  the 
microscope.  The  mycoderms  have  only  an  ephemeral  existence,  and  they  leave 
their  detritus  in  the  soil,  which  in  time  may  give  rise  to  ammonia  and  to  nitric  acid. 
Even  if  the  nitrogen  of  the  air  takes  part  in  nitrification,  a  part  of  the  nitrogen  will 
exist  in  mycoderms  and  their  remains. 

Evidently  Boussingault  had  in  his  hand  factis  which  might  have  reveale<l  to  him 
the  cause  of  these  gains  had  contemporary  infonnation  been  suflScient  U)  throw 
greater  light  on  the  subject.  Hellriegel  and  Wilfarth's  discovery  of  symbiotic  fixa- 
tion was  still  almost  thirty  years  away,  Berthelot's  study  of  nitrogen-fixing  bacteria, 
Winogradsky*s  isolation  of  nitrifying  bacteria  and  of  the  nitrogen-fixing  Clostridium 
pasleurianum  were  not  to  come  for  more  than  three  decides,  and  in  fact  the  t^Hihnique 
of  mwlem  l>acteriology  was  practically  unknown.  Small  wonder,  then,  that,  clear 
sighted  as  he  was,  Boussingault  failed  to  recognize  the  significance  of  his  analytical  * 
results.  lie  delilxjrately  eliminated  them  from  his  later  studies,  and  placing  more 
reliance  on  his  later  experiments  (1860-1871),  he  wrote  to  Gilbert  in  1876:  • 

Quant  a  1' absorption  de  I'azote  gazeux  de  Tair  par  la  terre  v^*g6tale  je  ne  connais 
pas  une  seule  observation  irrt^^prochable  qui  I'etablisse;  non  seulement  la  terre  n*ab- 
sorbe  pas  (Uazote  gazeux  mais  elle  en  6met,  ainsi  que  vous  I'avez  reconnu  avec  Mr. 
Lawes,  comme  Ta  vu  Reiset  i)our  le  fumier,  comme  nous  I'avons  constats,  H. 
Schloesing  et  moi,  dans  nos  recherches  sur  la  nitrification.  S'il  est  en  physiologie 
un  fait  parfait«ment  d^'^montrt'',  c'est  celui  de  la  non  assimilation  de  Tazote  libre  par 
les  v^taux  et  je  puis  ajouter  par  le»  plantes  d'un  ordre  inferieur,  telles  que  lee  myco- 
dermes,  les  champignons. 

Gilbert  comments  on  this  as  follows: 

It  is  remarkable  that  in  that  letter  he  should  so  expressly  give  his  opinion  against 
the  supposition  that  the  lower  oivanisms  within  the  soil  affect  the  fixation  of  free 
nitrogen,  notwithstanding  the  evi(ience  of  his  experiments  of  1858  and  1859  that  the 
gain,  if  there  really  were  gain,  was  chiefly  by  the  soil,  and  chiefly  as  organic  matter, 
the  accumulation  of  which  he  attributed  to  the  development  of  mycodermic  vegeta- 
tion. It  is  true  that  in  the  discussion  of  the  results  he  did  not  give  any  clear  mdi- 
cation  whether  he  considered  that  the  apparent  fixation  was  due  m  the  first  instance 
to  the  process  of  nitrification,  the  mycoaerms  only  appropriating  the  nitrogen  of  the 
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nitrates  fonneci,  or  whether  he  supposed  that  the  mycoderms  themselves  were  the 
primary  agents,  and  that  the  nitrification  was  only  the  result  of  the  oxidation  of  the 
mycodermic  remains. 

It  did,  indeed,  seem  that  in  the  results  in  question  there  was  the  aerm  of  the  germ 
exj)lanation  of  the  fixation  of  free  nitrogen,  if  such  took  place  at  all,  in  connection 
with  vegetation.  But  we  confess  that  Boussingault's  very  distinct  conclusion  against 
the  a6Sum()tion  of  any  such  agency,  notwithstanding  the  indications  of  some  of  his 
own  experiments,  leads  us  still  to  ask  further  confirmation  of  the  evidence  of  others 
in  the  same  direction,  which  has  been  accumulating  during  the  last  few  years. 

Gill>ert  made  the  above  statement  in  1888,  thirty  years  after  Boussingault  had 
made  the  observation  in  question.  He,  too,  was  still  inclined  to  doubt  that  there 
might  be  fixation  of  nitrogen  in  arable  soils,  notwithstanding  the  fact  that  Berthelot « 
had  already  a  considerable  amount  of  analytical  data  showing  that  under  certain 
conditions  bare  soils  can  increase  their  content  of  combined  nitrogen  at  the  expense 
of  the  free  nitrogen  of  the  air.  Working  with  argillaceous  sand,  with  clay,  and  with 
cnide  kaolin,  he  obtained^  in  six  months  (April  to  October,  1885)  an  increase  in 
every  case,  the  greatest  gain  being  made  by  the  argillaceous  sand.  When  the  soil 
was  placed  in  a  large  4-liter  flask  and  sterilized  no  gain  was  observed,  while  a  soil 
similarly  treated  but  not  sterilized  showed  a  gain  of  nitrogen.  At  certain  intervals 
samples  of  the  soil  were  taken  and  analyzed,  the  analyses  showing  a  gradual  and 
steady  increase  in  the  total  combined  nitrogen,  while  the  amount  of  nitrate  produced 
was  small  and  the  slight  amount  of  ammonia  originally  present  either  remained  con- 
stant or  tended  to  decrease.  The  results  thus  obtained  indicate  that  the  nitrogen 
gained  by  the  soil  was  in  the  insoluble  organic  form,  and  this,  taken  together  with 
the  fact  that  the  gains  were  made  in  unsterilized  vessels  and  largely  during  the 
warmer  part  of  the  year,  justifies  the  assumption  that  the  fixation  was  accomplished 
by  living  organisms.  Without  going  into  further  detail,  it  is  sufficient  to  state  here 
that  corroborative  evidence  as  to  the  fixation  of  nitrogen  by  soils  and  soil  organisms 
was  also  furnished  by  Joulie,  <"  Dietzell,''  Tacke, ''  Gautier  and  Drouin,/  Schloesing 
and  I^urentjfl'  Frank,'*  Koch  and  Kossowitch,  '  Kossowitch,  J  KnigerandSchneide- 
wind,^'  Richter, '  Petermann,»*  Immendorff,  w  Deherain,^  Pagnoul,/'  Pickard,^ 
Breal,''  and  Kuhn.'*  Not  content  with  proving  that  there  may  he  an  accumulation 
of  nitrogen  in  bare  and  uncropped  soils,  Berthelot'  also  attempted  to  isolate  the 
specific  organisms  to  which  such  fixation  is  due.  With  the  aid  of  Professor  Guig- 
nard  he  made  inoculations  into  sterile  bouillon  from  a  garden  soil,  and  after  incuba- 
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tion  at  20®  and  proper  dilution  with  sterile  bouillon  gelatin  plates  were  prepared. 
Inoculations  were  made  from  the  colonies  which  appeared  on  the  plates,  and  the 
bacteria  thus  isolated  were  tested  for  their  nitrogen-fixing  power.  A  careful  descrip- 
tion of  these  organisms  is  lacking,  so  that  their  identification  is  impossible.  Ber- 
thelot  gives,  however,  some  general  statements  concerning  them,  and,  what  is  more 
important,  shows  by  his  analytical  results  that  there  was  a  gain  of  combined  nitro- 
gen in  some  cases.  He  concludes  from  these  experiments  that  there  are  chloro- 
phylless  bacteria  in  the  soil  capable  of  fixing  elementary  atmospheric  nitrogen. 
They  require  organic  carbon  and  hydrogen  and  enough  combined  nitrogen  to  pro- 
mote their  initial  growth.  When  the  amount  of  combined  nitrogen  present  becomes 
considerable,  the  bacteria  prefer  to  cover  their  nitrogen  requirements  by  utilizing 
the  combined  soil  nitrogen,  and  for  this  reason  the  fixation  of  soil  nitrogen  has  its 
limits.  It  is  quite  evident  from  the  above  that  Berthelot  had  cleared  the  ground  for 
more  exact  bacteriological  studies.  To  him  belongs  the  credit  of  having  proved  con- 
clusively that  the  fixation  of  gaseous  atmospheric  nitrogen  may  be  accomplished  in 
arable  soils  by  virtue  of  certain  micro-organisms  contained  in  them.  His  skill  as  a 
chemist  enabled  him  to  overcome  the  many  difficulties  involved  in  the  analytical 
work  and  to  render  his  researches  of  permanent  interest. 

At  this  point  the  problem  was  attacked  by  Winogradsky,«  whose  admirable 
mental  equipment  made  it  possible  for  him  to  shed  much  light  on  the  subject.  His 
first  communication  dates  back  to  1893  and  deals  with  experiments  that  were  car- 
ried out  with  impure  cultures  of  a  butyric  ferment  The  nutritive  solutions  employed 
by  him  were  carefully  freed  from  the  last  traces  of  nitrogen,  and  contained  besides 
the  mineral  salts  a  fermentable  organic  compound,  dextrose.  Butyric  fermentation 
was  produced  in  these  solutions  by  a  long  spore-bearing  bacillus,  which  developed 
normally  in  the  absence  of  combined  nitrogen.  Winogradsky  had  not  succeeded  at 
this  time  in  isolating  this  bi^cillus  in  pure  culture.  In  the  above  experiments  it  was 
accomplished  by  two  other  bacilli.  It  seemed,  however,  that  the  latter  took  no  part 
in  the  fixation  of  free  nitrogen,  for  they  refused  to  grow  in  media  free  from  nitrogen, 
but  grew  vigorously  in  solutions  to  which  small  quantities  of  ammonium  salts  were 
added.  This,  taken  together  with  the  fact  that  they  pro<luced  neither  gas  nor 
butyric  acid,  led  Winogradsky  to  believe  that  these  accompanying  bacteria  were 
incapable  of  fixing  free  nitrogen,  although  they  were  capable  of  growing  in  solutions 
very  poor  in  combined  nitrogen.  At  the  end  of  the  experiment  the  solutions  were 
evaporated  to  dryness  under  diminished  pressure  and  analyzed  according  to  the 
Kjeldahl  method.  It  was  found  that  the  maximum  fixation  was  attained  where  no 
combined  nitrogen  was  purposely  added,  namely,  with  3.1  mg  of  nitrogen  for  every 
gram  of  dextrose  used.  When  combined  nitrogen  was  added  to  the  culture  solution, 
the  fixation  of  nitrogen  was  diminished.  Thus,  with  2  grams  of  dextrose  and 
1.8  mg  of  combined  nitrogen  in  the  solution  there  were  1.7  mg  of  nitrogen  fixed, 
while  with  4  grams  of  combined  nitrogen  adde<l  the  fixation  was  only  0.6  mg  of 
nitrogen. 

In  a  later  communication  Winogradsky  &  reports  experiments  with  pure  cultures 
of  the  butyric  ferment.  He  isolated  them  by  anaerobic  culture  methods,  and  found 
that  aerobic  growth  takes  place  only  in  the  presence  of  certain  aerobic  bacteria, 
which  serve  to  diminish  the  oxygen  pressure.  With  the  two  accompanying  bacteria 
mentioned  elsewhere  and  the  butyric  ferment  he  noted  a  diminution  in  the  amount 
of  nitrogen  fixed  as  the  concentration  of  the  dextrose  solution  or  the  amount  of 
initial  nitrogen  increased.  When  the  amount  of  combined  nitrogen  added  reached 
21.2  mg  for  every  gram  of  dextrose,  there  was  even  a  loss  of  nitrogen  (2.2  mg). 
Winogradsky  concludes  from  these  experiments  that  the  gain  of  nitrogen  depends 
on  the  proportion  of  the  combined  nitrogen  to  the  sugar.     In  order  that  any  gain 
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may  be  obtained  the  proportion  of  combined  nitrogen  to  the  dextrose  should  be 
6:1,000.  Becaase  of  the  characteristic  formation  of-  (Jlogtridia^  Winogradsky  named 
this  bacillus  Clostridium  pagteurianum. 

The  researches  of  Berthelot  and  Winogradsky  soon  led  to  attempts  at  the  practical 
development  of  the  subject,  and  this  received  a  decided  impetus  when  Oaron,  of 
Ellenbach,  Germany,  made  public  the  results  of  his  investigations.^'  These  soon 
attained  considerable  notoriety  and  led  to  the  commercial  exploitation  of  his  culture. 
The  firm  of  Friedrich  Bayer  &  Co.,  of  Elberfeld,  Germany,  placed  on  the  market  a 
bacterial  preparation  under  the  name  of  A^linit  This  preparation,  the  manufacturers 
claimed,  would  enable  nonleguminous  crops  to  make  use  of  free  atmospheric  nitro- 
gen provided  that  certain  precautions  be  oljservetl. 

These  claims  led  to  an  extended  study  of  Alinit  by  men  like  Stoklasa,^  Lauk,<? 
Stutzer  and  Hartleb,''  Kolkwitz, '^  Gain,/  Lutoslaw8ki,i7  Schultze,'*  Kruger  and 
Schneidewind,  *  and  Sewerin.i  A  careful  study  of  the  evidence  submitted  by  tliese 
investigators  shows  that  B.  eUenhachensis  of  the  Alinit  preparation  is  incapable  of 
fixing  atmospheric  nitrogen.  Attempts  were  also  made  by  Frank,*  Immendorff, ' 
Gonnermann,w»  and  others  to  determine  whether  B.  radicicola  is  capable  of  fixing 
atmospheric  nitrogen,  when  developing  outside  of  the  legume  tubercles,  but  w^ith 
doubtful »  or  negative  results,  while  Maze,^  on  the  other  hand,  claims  that  he  sac- 
ceeded  in  obtaining  positive  results. 

Then  came  Beijerinck's  communi(;ation  in  1901,/'  dealing  with  a  new  group  of  bac^ 
teria.  Space  will  hardly  permit  a  lengthy  review  of  this  statement  and  the  subsequent 
report  by  him.  Suffice  it  to  say  that  he  gave  the  name  of  Azotobacter  to  the  entire 
group,  and  described  two  members  A,  chroococcum  and  A.  agilis.  The  former  was 
found  to  occur  in  most  cultivated  soils,  the  latter  in  the  canal  water  at  Delft.  These 
two,  together  with  A.  vinelandii  isolated  by  the  writer  from  a  Vineland  soil  in  south 
Jersey,  constitute,  in  so  far  as  I  am  aware,  all  the  known  members  of  this  interesting 
group  of  bacteria.  Beijerinck,  together  with  Van  Delden//  found  that  A.  chroococcum 
can  fix  only  very  slight  quantities  of  nitrogen,  if  any  at  all,  when  growing  in  pure 
culture,  and  that  growth  stops  l^efore  the  carbon  source  is  exhausted.  Lai^  amounts 
of  nitrogen  are  fixed  only  when  it  is  growing  in  symbiosis  with  other  organisms. 
Gerlach  and  Vogel,'"  on  the  other  hand,  isolated  an  organism  which  they  found 
capable  of  fixing  considerable  amounts  of  atmospheric  nitrogen  when  growing  in 
pure  culture.  They  believe  that  the  organism  isolate<l  by  them  is  identical  with 
Beijerinck's  A.  chnxx'occum. 
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The  researches  of  Beijerinck  and  Van  Oelden,  of  Gerlach  and  Vogel,  and  of 
Winogradsky,«  were  carried  out  with  specific  bacteria  which  have  been  described 
sufiiciently  to  allow  their  recognition  by  others.  Their  work  shows  that  there  are 
at  least  two  classes  of  bacteria  capable  of  fixing  large  quantities  of  nitrogen,  namely, 
spore-forming  anaerobic  and  nonspore-forming  aerobic  organisms.  Practical  attempts 
to  decide  whether  they  can  be  used  to  increase  the  fertility  of  the  soil  are  wanting  if 
we  except  the  investigations  of  Gerlach  and  Vogel,  and  of  Freudenreich.^  But  from 
the  theoretical  stand jxjint  we  have  to  deal  here  with  a  group  of  very  interesting 
bacteria.  In  some  still  unexplained  way  they  can  break  up  the  molecules  of  ele- 
mentary nitrogen  and  cause  it  to  combine  with  other  elements  to  form  ultimately 
the  albuminoids  of  the  bacterial  body.  It  is  not  known  whether  the  albuminoid 
molecules  are  the  first  product  of  the  synthesis  or  not,  but  it  is  believed  that  simpler 
nitrogenous  subst^ices  are  first  formed,  although  these  have  thus  far  escaped  detec- 
tion. Certain  it  is  that  the  solution  of  this  problem  will  help  us  to  understand  the 
synthetical  processes,  not  only  of  the  bacterial  cell,  but  all  the  synthetical  processes 
in  the  (^ells  of  higher  plants. 

The  Isolation  op  Nitrogen-Fixing  Bacteria  op  the  Azotobactbr  Group. 

The  solutions  employed  for  the  i>urposes  of  isolation  had  the  following  composition: 

Tap  water cubic  centimeters. .  1, 000. 00 

Mannite gi-ams. .        20. 00 

Potassium  phosphate  (KjHPO^) gram. .  .  6 

Majjnesium  sulphate do .2 

Calcium  <;hlorid do .02 

Potassium  nitrate do .005 

The  whole  ^l'KS  made  neutral  to  phenolphthalein  with  sodium  hydrate,  and  after 
sterilization  in  the  autoclave  at  1.5  atmospheres  pressure  was  inoculated  with  a 
small  (juantity  of  fresh  soil.  The  crude  culture  thus  obtained  by  inoculation  with 
a  Vineland  soil  was  reinoculated  into  a  similar  culture  containing  20  gramaof  glycerin 
in  place  of  the  mannite.  In  ton  days  reinoculations  were  made  into  fresh  glycerin 
solutions,  and  from  these  stroke  cultures  were  made  on  mannite  agar.  In  3  days  at 
28°  there  appeared  on  these  plates,  amcmg  others,  whitish,  dense,  raised  colonies. 
Microscopical  examination  showed  them  to  consist  of  azotobacter  bacteria,  and  inocu- 
lation was  accordingly  made  into  glucose  solutions,  composed  like  the  others,  but 
with  glucose  instead  of  mannite  or  glycerin.  Evidence  of  vigorous  growth  became 
apparent  in  3  or  4  days,  and  the  microscopical  examination  showed  an  apparently 
pure  culture  o(  organism  ot^curring  as  short  rods  or  large  coc(;i,  with  many  of  the 
former  actively  motile.  These  were  replated  three  times  on  mannite  agar,  and  in 
each  case  macroscopical  as  well  as  microscopical  examination  showed  only  one  kind 
of  colonies  and  one  kind  of  organisms.  Inoculation  into  meat  extract  bouillon  left 
the  latter  clear,  although  a  very  slight  precipitate  was  formed  here.  Microscopical 
examination  also  hero  8howe<l  the  presence  of  the  same  organism.  The  cultural 
characteristics  in  various  mcnlia  showed  it  to  be  essentially  different  from  the  organ- 
isms descrilKxi  by  Iknjerinck,  and  it  was  therefore  named  A.  vinelandii. 

In  order  to  show  its  l)ehavior  in  nitrogen-free  or  nitrogen-poor  soluticms,  the 
experiments  following  are  presented. 
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Sbribs  VI. — 100  cc  glucose  s^ution. 

No.  1,  size  of  flask,  250  cc,  sterile. 
No.  2,  size  of  flask,  250  cc,  inoculated. 
No.  3,  size  of  flask,  500  cc,  inoculated. 
No.  4,  size  of  flask,  1,000  cc,  inoculated. 

After  10  days  the  cultures  were  analyzed  with  the  following  results: 


No. 

Ammonium 
hydrate 
(0.008088 
gram  nitro- 
gen per  cubic 
centimeter). 

Nitrogen 
found. 

Nitrogen 
fixed. 

1 
2 
S 

4 

ce. 

0.20 

.75 

1.25 

2.80 

mg, 
0.61 
2.28 
3.80 
8.51 

mg. 

1.67 
S.19 
7.90 

These  tabulations  show  that  the  fixation  of  nitrogen  by  A.  vindandii  increased 
with  the  surface  exposure.  This  circumstance  is  clearly  due  to  two  reasons.  In  the 
first  place  the  bacteria  of  the  azotobacter  group  are  aerobic  organisms,  and  with  them 
the  fixation  of  nitrogen  takes  place  where  the  access  of  oxygen  is  greatest;  that  is, 
at  the  surface.  Where  the  surface  exposure  is  greatest  there  also  growth  is  greatest, 
and  where  growth  is  more  vigorous  the  building  of  the  organic  nitrogenous  substance 
in  the  bacterial  bodies  is  also  most  active.  In  the  second  place,  the  larger  surface 
exposed  places  at  the  disposal  of  the  bacteria  not  only  a  greater  amount  of  oxygen 
but  also  a  greater  amount  of  gaseous  nitrogen,  and  this  is  utilized  readily  when  the 
bacterial  growth  is  vigorous. 

Series  VIII. 

In  growing  A.  vindandii  in  mannite  solutions  in  which  strips  of  filter  paper  had 
been  placed,  it  was  noticed  that  in  the  presence  of  the  latter  growth  was  far  more 
abundant  than  in  the  tubes  where  no  paper  was  present  The  question  naturally 
arose  whether  A,  vindandii  is  capable  of  utilizing  part  of  the  filter  paper  as  a  source 
of  carbon  and  whether  by  its  aid  it  is  capable  of  fixing  gipater  quantities  of  nitn^n. 
To  decide  this  point  the  following  experiment  was  arranged: 

1.  150  cc  mannite  solution  -j- 1  gram  calcium  carbonate. 

2.  150  cc  mannite  solution  -f  2  grams  filter  paper. 

3.  150  cc  mannite  solution. 

4.  150  cc  mannite  solution  4-  2.  grams  filter  paper. 

The  mannite  solution  used  contained  5  mg  of  potassium  nitrate  per  liter  and  the 
flasks  were  the  ordinary  Jena,  round-bottomed  flasks,  used  for  the  Kjeldahl  diges- 
tion. At  the  end  of  the  experiment  it  was  merely  necessary  to  take  out  the  cotton 
stopper,  add  mercury  and  sulphuric  acid,  and  proceed  with  the  work  as  in  other 
Kjeldahl  determinations.  In  this  way  it  became  unnecessary  to  transfer  the  culture 
solutions  at  the  end  of  the  experiment,  and  thus  a  possible  error  was  avoided. 
After  sterilization  in  the  autoclave  and  cooling,  3  and  4  were  inoculated  from  a  pure 
culture  of  A.  vindandii^  while  1  and  2  were  allowed  to  remain  sterile.  In  48  hours 
the  several  flasks  appeared  as  follows: 

1.  Clear. 

2.  Clear. 

3.  Cloudy,  floating  membrane. 

4.  Turbid,  floating  membrane. 
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In  three  weeks  the  eolations  in  this  series  were  analyzed  and  the  following  amonnte 
of  nitrogen  were  found: 


No. 

Ammonium 
hydrate 
(0.008012 
gram  nitro- 
gen per  cubic 
cenumeter). 

Nitrogen 
found. 

Nitrogen 
flx^. 

1 
2 
8 
4 

cc,                tag. 
0.15           0.45 

mg. 

.65 
4.10 
9.86 

1.96 
12.85 
29.67 

11.90 
27.71 

It  will  be  seen  from  the  above  that  the  sterile  filter  paper  contained  1.96  mg  less 
0.46  mg,  or  1.51  mg  of  nitrogen.  Comparing  the  amounts  of  nitrogen  fixed  in  3  and 
4,  we  find  that  in  the  presence  of  the  filter  paper  there  was  fixed  in  4  more  than  twice 
as  much  nitrogen  as  was  fixed  in  3.  The  150  cc  of  the  mannite  solution  contained 
3  grams  of  mannite,  hence  there  were  fixed  in  3,  3.97  mg  of  nitrogen  for  every  gram 
of  mannite  consumed.  Disregarding  for  the  moment  the  filter  x>aper  as  a  source  of 
organic  carbon,  we  find  that  there  were  fixed  in  4,  27.71  mg  of  nitrogen  for  the  3 
grams  of  mannite  consumed,  or  nearly  9.24  mg  of  nitrogen  for  every  gram  of  man- 
nite used.  It  is  pertinent  to  ask  here  whether  part  of  the  filter  paper  was  hydro- 
lyzed  and  then  used  by  the  bacteria  as  a  source  of  food.  Another  series  of 
experiments  reported  below  seems  to  indicate  that  the  filter  paper  is  not  used  by  the 
bacteria  as  a  source  of  carbon.  It  does  not  follow,  however,  that  such  utilization  of 
the  cellulose  in  the  soil  humus  does  not  take  place. 

Series  VIII  a. 

The  arrangement  of  this  series  was  as  follows: 

1  and  2.  200  cc  mannite  solution+l  gram  filter  paper,  sterile. 
3  and  4.  2(X)  cc  mannite  solution -fl  gram  filter  paper,  A.  vindandii. 
At  the  end  of  four  weeks  the  cultures  were  sterilized,  the  filter  paper  was  removed 
after  careful  rinsing,  and  the  residues  analyzed.    The  following  amounts  of  nitrogen 
were  found: 


No. 

Ammonium 
hydrate 
(0.001807 
gram  nitro- 
gen per  cubic 
centimeter) . 

Nitrogen 
found. 

Nitrogen 
fixed. 

1 
2 
3 
4 

cc. 

0.25 

.20 

9.00 

8.75 

mg. 
0.82 
.26 
11.76 
11.44 

mg. 

11.44 
11.12 

The  filter  paper  when  dried  and  weighed  showed  no  appreciable  change  in  weight. 
Unintentionally  the  parallel  cultures  containing  no  filter  paper  were  left  out,  eo 
that  the  results  here  can  not  be  claimed  to-prove  with  certainty  that  the  filter  paper 
is  not  attacked  by  a  vigorously  growing  culture  of  A.  vindandii;  nevertheless,  it 
would  appear  from  this  that  where  the  presence  of  the  fiJter  paper  encourages 
growth  it  is  not  necessarily  due  to  the  combined  carbon  offered  by  the  paper  to  the 
bacteria. 
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Series  IX. 

In  this  serieS)  as  in  the  preceding,  filter  paper  was  used  together  with  mannite. 
The  different  proportions  of  the  paj>er  used  were  intended  to  show  whether  there  is  a 
point  beyond  which  the  increase  in  the  quantity  of  paper  produces  no  corresponding 
increase  in  the  amount  of  nitrogen  fixed.  The  arrangement  of  the  experiment  was 
as  follows: 

(1)  200  cc  mannite  solution.  1 

(2)  200  cc  mannite  solution  -f-0.5  gram  paper.  V  Sterile. 

(3)  200  cc  mannite  solution  -flO  gram  paper,  j 
(4^  200  cc  mannite  solution. 

(5)  200  cc  mannite  solution  -f  0,5  gram  paper. 
16)  200  cc  mannite  solution  -j-l.O  gram  paper. 
(7)  200  cc  mannite  solution  H-2.0  gram  paper. 

There  was  also  added  to  each  flask  1  gram  of  calcium  carbonate.  In  four  days  the 
several  solutions  appeared  as  follows: 

Clear. 

Clear. 

Clear. 

Turbid,  pigment,  surface  film. 

Turbid,  pigment,  surface  film. 

Turbid,  pigment,  surface  film. 

Turbid,  pigment,  surface  film. 

At  the  end  of  10  days  the  contents  of  the  flasks  were  analyzed  and  the  following 
amounts  of  nitrogen  found: 


No. 

Ammoniam 

hydraUi 
(0.00302  gram 

N.  per  cubi(! 
centimeter). 

cc. 

1 

0.15 

2 

.30 

3 

.40 

4 

2.30 
3.60^ 

6 

6 

3.80 

7 

8.75 

itrogen 
ound. 

Nitrogen 

fiXtHl. 

mff. 

mg. 

0.45 

.91 

1.21 

6.05 

6.50 

10.87 

9.96 

11.18 

10.27 

11. 32 

9.81 

The  mannite  solution  used  here  was  like  that  used  in  the  other  series,  except  that 
it  contained  0.15  gram  of  mannite  per  liter,  instead  of  0.20  gram;  the  200  cc  of 
mannite  solution  used  here  contained  in  each  case  3  grams  of  mannite.  With  these 
3  grams  of  organic  substance  there  were  fixc<l  in  4,  (5.40  mg  of  nitrogen,  or  2.17  mg 
of  nitrogen  for  every  gram  of  mannite  used  up.  In  5,  where  there  was  0.5  gram  of 
filter  paper  added  to  the  250  cc  of  solution,  there  was  a  fixation  of  9.96  mg,  or  of 
3.32  mg  for  every  gram  of  mannite  used  up.  When  the  quantity  of  paper  was  still 
further  increased  in  6,  the  amount  of  nitrogen  fixed  also  increased,  and  we  find  here 
a  fixation  of  10.27  mg,  or  of  3.42  mg  of  nitrogen  i)er  gram  of  mannite  employed.  A 
still  further  increase  in  the  (juantity  of  filter  i>api»r  used  not  only  failed  to  yield  an 
increased  amount  of  fixed  nitrog^'n,  but  actually  led  to  a  diminution  in  the  amount 
of  nitrogen  fixed.  Thus  we  find  in  7  a  total  fixation  of  9.81  mg  of  nitrogen,  or  of 
3.27  mg  per  gram  of  8U^r  consumed.  This  is  slightly  less  than  the  amount  fixed  in  5, 
where  only  0.5  gram  of  filtt*r  was  used.  Tliis  exi^eriment  confirms  the  results 
obtaine<l  in  Series  VII,  but  it  also  shows  that  "there  is  a  maximum  quantity  of  filter 
paper  that  can  l)e  advantageously  used.     P^idently  the  presence,  in  200  cc  of  the 
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mannite  solution,  of  2  grams  of  filter  paper  was  less  favorable  for  the  fixation  of  a 
maximum  amount  of  nitrogen  than  the  presence  in  the  same  solution  of  only  1  gram 
of  paper.  Larger  proportions  than  2  grams  of  paper  to  200  cc  of  solution  were  not 
tried.  It  is  probable,  however,  that  a  further  increase  in  the  amount  of  paper  used 
would  still  further  diminish  the  fixation  of  free  nitrogen.  Now,  since  cellulose  is 
rather  insoluble  in  water,  it  seems  strange  that  the  presence  of  a  mass  of  inett 
material  should  unfavorably  influence  the  development  of  A.  vinelandii.  There  is  a 
possibility,  however,  that  the  depressing  effect  of  the  larger  quantities  of  cellulose  are 
due  to  the  combined  nitrogen  contained  in  it.  Reference  has  already  been  made  to 
Winogradsky's  experiment,  where  his  Clostridium  po^teurianum  actually  caused  a  loss 
of  nitrogen  from  the  solution  when  the  amount  of  combined  nitrogen  added  exceeded 
a  certain  proportion  of  the  amount  of  sugar  in  solution.  Also  Beijerinck  and  Van 
Delden  and  Gerlach  and  Vogel  have  observed  that  larger  quantities  of  combined 
nitrogen  discourage  the  fixation  of  free  nitrogen  by  bacteria  of  the  azotobacter  group. 
It  will  be  seen  that  No.  5  contained  0.46  mg  of  combined  nitrogen  in  the  filter  paper, 
No.  6  contained  0.76  mg,  and  No.  7  1.51  mg  of  combined  nitrogen. 

Series  X. 

The  arrangement  of  the  cultures  in  this  series  was  as  follows: 

f  1)  100  cc  mineral  solution -fl  gram  filter  paper. 

(2)  100  cc  mineral  solution-f  1  gram  filter  paper  -fO.  1  gram  mannite. 

lz\  100  cc  mineral  solution-hl  gram  filter  paper  -fO.  2  gram  mannite. 

(4)  100  cc  mineral  solution 4  1  gram  filter  paper  -j-0. 5  gram  mannite. 

(5)  100  cc  mineral  solution -j-l  gram  filter  paper  -fl.  0  gram  mannite. 

(6)  100  cc  mineral  solution-f- 1  gram  filter  paper  -f-l.  5  gram  mannite. 

The  several  solutions  were  inoculated  with  A.  vinelandii  and  kept  in  the  incubator 
for  12  days.  At  the  end  of  that  time  the  cultures  were  analysed  and  the  following 
amounts  of  nitrogen  were  found: 


No. 

Ammonium 

hydrate 
(0.00302  gram 
N.  per  cubic 
centimeter). 

Nitrogen 
found. 

Nitrogen 
fixed. 

cc. 

mg. 

mg. 

1 
2 

0.40 
.76 

1.21 
2. 2d 

1.06 

3 

.95 

2.87 

1.66 

4 

1.40 

4.23 

3.02 

6 

1.95 

5.89 

4.68 

6 

2.00 

6.04 

4.83 

The  greatest  proportionate  fixation  took  place  in  Nos.  2  and  4,  where  1  gram  and 
5  grams,  respectively,  of  mannite  per  liter  were  used.  This  would  mean,  in  the 
latter  case,  a  fixation  of  6.04  mg  of  nitrogen  per  gram  of  mannite  consumed.  As  the 
amount  of  mannite  increased  from  0.5  gram  to  1  gram — that  is,  from  5  to  10  grams  per 
liter — the  yield  of  combined  nitrogen  also  increased,  but  not  correspondingly.  While 
the  increase  of  mannite  was  100  per  cent,  the  increase  in  the  amount  of  nitrogen  fixed 
was  only  63  per  cent.  A  further  increase  of  the  amount  of  mannite  in  solution — 
namely,  to  15  grams  per  liter— was  followed  by  a  further,  but  not  proportionate 
increase  in  the  amount  of  nitrogen  fixed.  In  fact,  the  increase  here  was  but  slight. 
Evidently  the  increasing  amount  of  organic  substance  finally  begins  to  retard  the 
fixation  of  gaseous  nitrogen  and,  as  waa  noted  in  Series  IX,  there  is  a  limit  not  only 
for  the  soluble  nonnitrogenous  organic  material,  but  also  for  the  insoluble  nitrogen- 
poor  substance,  as  represented  here  by  the  cellulose  of  the  filter  paper. 
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SYMBIOTIC  FIXATION  BY   A.    VINELANDII   AND  B.  30. 

The  fixation  of  nitrogen  by  A.  vindandii  was  stimulated  by  the  presence  in  the 
calture  solution  of  a  small  bacillus  described  elsewhere,  ^  and  designated  by  the 
laboratory  number  B.  SO.  Nitrogen  determinations  showed  that  this  organism  can 
.fix  for  itself  only  slight  quantities  of  free  nitrogen,  and  it  was  naturally  of  great 
interest  to  decide  just  to  what  extent  the  latter  contributed  to  the  fixation  of  atmos- 
pheric nitrogen  when  in  symbiotic  growth  w^ith  A,  vindandii,  A  number  of  experi- 
ments were  carried  out,  which  show  very  definitely  that  in  the  presence  of  /?.  SO^ 
A.  vinelandii  is  capable  of  fixing  much  larger  quantities  of  nitrogen  than  when 
growing  alone. 

SsauEs  XIV. 

This  series  was  arranged  to  complete  Series  X,  and  is  presented  here  accordingly. 
The  arrangement  was  as  follows: 


s 

3) 
4) 

(5) 

(6 

II 

10 

11 

12 


100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 
100  cc 


mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 
mineral 


solution +1  gram 
solution  4-1  gram 
solution-f  1  gram 
solution-j-l  gram 
solution-f  1  gram 
solution  4-1  gram 
solution-f  1  gram 
solution -fl  gram 
solution-f- 1  gram 
solution-j-l  gram 
solution-f- 1  gram 
solution -f-1  gram 


filter  paper, 
filter  paper  -f-0. 
filter  paper  -f  0. 
filter  paper  -f  0. 
filter  paper  -fl. 
filter  paper  -f  1. 
filter  paper, 
filter  paper  -f  0. 
filter  paper  -f  0. 
filter  paper  -f  0. 
filter  paper  -f-1. 
filter  paper  -f  1 


1  gram  mannite. 

2  gram  mannite. 
5  gram  mannite. 

0  gram  mannite. 
5  gram  mannite. 

1  gram  mannite. 

2  gram  mannite. 
5  gram  mannite. 
0  gram  mannite. 
5  gram  mannite. 


Nos.  1  to  6,  inclusive,  were  inoculated  with  A.  vinelandii;  Nos.  7  to  12,  inclusive, 
were  inoculated  with  A,  vinelandii  -f-  B.  SO,  The  cultures  were  kept  in  the  incubator 
at  28*  C,  and  were  analyzed  at  the  end  of  twelve  days.  The  following  amounts  of 
nitrogen  were  found: 


Ammonium 

No. 

hydrate 
(0.00302  gram 
N.  i>er  cubic 
centimeter). 

Nitrogen 
found. 

Nitrogen 
fixed. 

cc. 

mg. 

fng. 

1 
2 

0.40 
.76 

1.21 
2.26 

1.06 

S 

.95 

2.87 

1.66 

4 

1.40 

4.23 

3.02 

5 

1.95 

6.89 

4.68 

6 

2.00 

6.04 

4.88 

7 
8 

.40 
.90 

1.21 
2.72 

1.51 

0 

1.80 

3.98 

2.72 

10 

2,40 

7.26 

6.04 

11 

8.25 

9.81 

8.60 

12 

8.20 

9.67 

8.46 

The  results  obtained  in  solutions  Nos.  1  to  6  were  discussed  under  Series  X.  It 
remains  now  to  compare  the  second  half  of  this  series  with  the  first  half  of  it  It  will 
be  seen  that  in  every  case  where  B,  30  was  inoculated  together  with  A.  vinelandii 
there  was  increase  in  the  amount  fixed  over  and  above  that  yielded  by  A.  vinelandii 
alone.  Culture  solution  No.  7  should  be  excepted,  of  course,  for  no  appreciable 
fixation  of  nitrogen  took  place  in  that  case.  In  order  to  bring  out  these  relations 
still  more  clearly,  the  corresponding  yields  are  arranged  parallel  to  one  another. 

<>J.  G.  Lipman,  Nitrogen  Fixing  Bacteria,  Doctor's  Thesis,  Cornell  University, 
June,  1903. 
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No. 

Fixation 

by  A.  vine- 

landiL 

No. 

Fixation 

by  A.  vine' 

landii+B.SO. 

Increase. 

mg. 

mg. 

Percent. 

2 

1.05 

8 

1.51 

48.8 

8 

1.66 

9 

2.72 

63.8 

4 

3.02 

10 

6.04 

100.0 

5 

4.68 

11 

8.60 

83.7 

6 

4.83 

12 

8.46 

75.1 

The  greatest  proportionate  fixation  was  in  Nos.  2  and  8,  respectively.    As  the 
amount  of  mannite  increased,  the  proportionate  fixation  decreased.    There 
fixed,  per  gram  of  mannite  consumed,  the  following  quantities  of  nitrogen: 


Mg. 

No.  8 16.10 

No.  9 13.60 

No  10 12.08 

No.  11 8.60 

No.  12 5.64 


Mg. 

No.  2 10.50 

No.3 8.30 

No.  4 6.04 

No.  5 4.68 

No.6 3.22 

It  is  but  natural  that  with  a  smaller  quantity  of  food  in  solution  the  bacteria  should 
utilize  it  more  thoroughly,  and  thus  reduce  the  waste  to  a  minimum.  The  experi- 
ment of  Gerlach  and  Vogel,  cited  above,  confirms  the  results  presented  here.  There 
is  a  very  close  analogy  in  this  case  to  the  utilization  of  combined  nitrogen  in  the  soil 
by  higher  plants.  The  greater  the  amount  of  it  there  is  present  in  the  soil,  the 
slighter  the  proportionate  utilization  of  it  within  given  limits.  In  this  case  the  pres- 
ence of  B.  SO  enabled  a  more  economical  use  of  the  organic  substance  in  solution; 
nevertheless,  even  with  the  two  organisms  working  together,  there  was  a  gradual 
decrease  in  the  proportionate  amount  of  nitrogen  fixed.  On  the  average,  the 
presence  of  B.  SO  enabled  A,  vinelandii  to  fix  73.3  per  cent  more  nitrogen.  The 
minimum  is  43.8  per  cent,  in  No.  8,  and  the  maximum  100  per  cent,  in  No.  10. 

Repeated  experiments  which  it  would  be  superfluous  to  give  here  in  detail  still 
further  emphasized  the  facts  noted  above.  They  all  show  that  aside  from  the 
increased  fixation,  the  presence  of  B.  SO  also  enables  A.  vindandii  to  withstand  better 
the  presence  of  excessive  quantities  of  organic  matter.  Hence,  it  would  appear  that 
the  accumulation  of  large  quantities  of  organic  matter  in  the  soil,  be  it  rich  or  poor 
in  nitrogen,  unfavorably  affects  the  development  of  azotobacter  bacteria.  When 
there  is  an  accumulation  of  large  quantities  of  nitrogen-rich  substance,  the  growth  of 
these  oiganisms  practically  stops,  when  there  is  an  accumulation  of  nitrogen-poor 
oiiganic  substance,  the  growth  of  these  organisms  is  retarded.  But  since  in  all  arable 
soils  many  bacterial  species  act  and  interact  on  one  another,  and  the  development  of 
any  particular  combination  may  become  prominent  at  one  time  and  of  another  at 
some  other  time,  it  is  clear  that  the  conditions  of  fixation  in  the  soil  are  perforce 
somewhat  different  from  those  existing  in  artificial  cultures.  None  the  less,  they 
show  unequivocally  that,  for  its  best  work,  A,  vinelandii,  and  undoubtedly  also  other 
members  of  the  azotobacter  group,  must  depend  on  the  cooperation  of  other  oi^ganisms. 

Series  XVI. 

This  series  is  complimentary  to  Series  XVII,  and  was  carried  out  with  a  pure 
culture  of  A,  vinelandii.  It  was  intended  to  study  the  effect  oh  fixation  of  a  large 
exposed  surface.  For  this  reason  the  mannite  solution  employed  was  placed  in  large 
crystallizing  dishes  covered  in  the  manner  of  ordinary  Petri  dishes.  The  arrange- 
ment in  this  series  was  as  follows: 

(1)  Large  Erlenmyer  flask,  300  cc  mannite  solution,  sterile. 

(2)  Laiie  Petri  dish,  300  cc  mannite  solution,  A.  vinelandii, 

(3)  Laige  Petri  dish,  500  cc  mannite  solution,  A,  vinelandii. 
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The  internal  diameter  of  the  dinh  in  No.  2  was  27  cm.  and  in  No.  3,  29  cm.  The 
mannite  solution  contained  15  grams  of  mannite  per  liter;  hence  Nos.  1  and  2  con- 
tained 4.5  grams  of  mannite  each,  and  No.  3  contained  7.5  grams  of  mannite.  After 
sterilization,  cooling,  and  inoculation  in  the  usual  manner,  the  dishes  were  placed  in 
the  incubator  at  a  temperature  of  28®  C.  In  l)oth  of  the  inoculated  dishes  growth 
was  apparent  in  twenty-four  hours.  In  forty -eight  hours  there  was  the  development 
of  the  bright  yellow  pigment  observed  in  all  mannite  cultures  of  A.  rinelandiij  and 
of  the  characteristic  membrane  on  the  surface.  As  it  grew  older  the  membrane 
became  gradually  thicker.  On  examination  under  the  microscope  it  was  found  that 
A.  vindandii  alone  was  present,  and  hence  there  had  been  no  contamination  from  the 
outside.  The  contents  of  the  dishes  and  of  the  flask  were  analyzed  at  the  end  of  six 
days,  and  the  following  amounts  of  nitrogen  were  found: 


No. 


Ammonium 

hydrate 
(0.00302  gram 
N.  per  cubic 
centimeter). 


Nitrof^en  I  Nitrogen 
found.   '    fixed. 


0.20  I 
9.55  I 


vig. 
0.60 
28.84 
52.65 


I 


28.24 
51.95 


During  digestion  part  of  the  solution  in  No.  2  was  lost,  and  the  amount  given  here 
is  undoubtedly  somewhat  too  low.  While  the  loss  is  not  believed  to  have  been  very 
considerable,  it  amounted  to  2  or  3  mg.  Leaving  No.  2  out  of  consideration,  we 
note  that  there  were  51.95  mg  of  nitrogen  fixed  in  No.  3;  hence  there  was  a  fixa- 
tion of  6.8  mg  of  nitrogen  for  every  gram  of  mannite  consumed.  Thisis  a  very  con- 
siderable quantity  for  a  period  of  six  days,  and  by  a  pure  culture  of  A.  vinelandii. 
These  results  were  obtained  with  a  culture  which  had  been  reinoculated  into  artifi- 
cial solutions  a  considerable  number  of  times,  and  they  show  that  A.  vinelandii  does 
not  lose  its  nitrogen-fixing  power,  as  was  reported  in  the  case  of  other  nitrogen-fixing 
organisms. 

Series  XVII. 


''^he  culture  solutions  in  this  series  were  arranged  as  follows: 

(1)  200  cc  mannite  solution  in  Erlenmeyer  flask   |   1  gram  filter  paper. 

(2)  200  cc  mannite  solution  in   large  Petri  dish  -f  1  gram  filter  paper. 

(3)  200  cc  mannite  solution  in  large  Petri  dish  -f-  1  gram  filter  paper. 

No.  1  was  left  sterile.  No.  2  was  inoculated  with  A.  vinelandii^  and  No.  3i  with^. 
vinelandii  +  B,  SO.    There  was  also  added  in  eat^h  case  1  gram  of  calcium  carbonate. 

At  the  end  of  10  days  the  several  solutions  were  analyzed  and  the  following 
amounts  of  nitrogen  were  found: 


Ammonium 

No.  '  (p.O(WO-lRmm  i  ^}^^r 
,N.  per  cubic!   *«""a. 
centimeter). 


cc. 
0.15 
9.90 
10.16 


mg. 
0.45 
29.90 
30.65 


Nitroeen 
fixed. 

mg. 

29.45 

ao.2u 

The  solutions  contained  at  the  beginning  of  the  experiment  3.0  grams  of  mannite 
in  each  case,  so  that  there  were  fixed  in  JJo.  2,  9.81  mg  of.  nitrogen  for  every  gram  of 
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mannite  consumed.  Similarly,  there  were  fixed  in  No.  3,  10.07  mg  of  nitrogen  for 
every  gram  of  mannite  consumed.  These  are  the  highest  yields  thus  far  obtained  in 
the  15  grams  of  mannite  per  liter.  The  presence  of  B,  30  increa8e<l  the  yield  also  in 
this  case,  although  the  increase  was  rather  small. 

FIXATION  OP   NITROGEN   BY    A.  VINBLANDII   IN  THE  PRESENCE    OP   OTHER  SOIL  BACTERIA. 

These  studies  include  experiments  with  a  number  of  organisms.  Their  purpose 
was  to  determine  whether  there  are  bacteria  other  than  B.  30  that  would  favor  the 
fixation  of  free  nitrogen  by  A.  vinelandii. 

Series  XVIII. 

Tlie  solutions  employed  in  this  series  contained,  besides  the  customary  amounts  of 
the  mineral  salts,  either  20  grams  of  mannite,  or  of  glucose,  per  liter  of  solution. 
Two  hundred  cc  portions  of  these  solutions  were  distribute<l  in  Kjeldahl  flasks, 
with  the  addition  in  each  case  of  1  gram  of  calcium  carbonate.  The  organisms  used 
in  this  series  were  A.  vinelandii^  B,  pi/ocyaneiiSy  B.  31,  B.  30,  B.  31  var.,  and  B.  S^, 
The  arrangement  of  the  experiment  was  as  follows: 
(1)  Glucose  solution. 


•  \ 
Mannite  solution.  / 

Glucose  solution.  \ 

Mannite  solution.  / 

Glucose  solution.  \ 

Mannite  solution.  / 

Glucose  solution.  \ 

Mannite  solution.  J 

Glucose  solution. 

Mannite  solution. 

Glucose  solution. 

Mannite  solution. 
^13)  Glucose  solution. 
(14)  Mannite  solution. 

At  the  end  of  8  days  the  cultures  were  analyzed  and  the  following  amounts  of 
nitrogen  found: 


Sterile. 

A.  vinelaiidil. 

A.  vinelandii  f-  B,  pyoq/aneus. 

A.  vinelandii  -\    B.  31. 

A.  innelandii  -\-  B.  SO. 

A.  vinelandii  f  B.  31  var. 

A,  vinelandii  -f-  B.  32. 


No. 

Ammonium 
hydrate 
(0.003038 
jrram  N.  per 
cubic  centi- 
meter). 

Nitrogen 
found. 

Nitnigen 
fixed. 

cc. 

ffH/' 

mg. 

I 
2 
3 

0.26 
0.15 
1.35 

0.76 
0.45 
4.10 

:^.34 

4 

1.45 

4.40 

3.95 

5 

1.55 

4.71 

3.95 

6 

0.90 

2.73 

2.28 

7 

1.55 

4.71 

3.95 

s 

1.55 

4. 71 

4.26 

9 

3.25 

9.87 

9.11 

10 

3.55 

10.78 

10.33 

11 

1.55 

4.71 

3.96 

12 

l.Js5 

5.62 

6.17 

13 

1.35 

4.10 

3.34 

14 

1.95 

5.92 

6.47 

These  results  show  that,  with  one  exception,  there  was  more  nitrogen  fixed  in  the 
mannite  solutions  than  there  was  in  the  glucose  solutions.    They  also  show  that 
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B.  SO  was  the  only  organism  of  those  tried  in  the  series  which  increased  the  fixation 
of  nitrogen  hy  A.  vinelandii  to  any  considerable  extent.  Thus  A.  vinelandii  alone 
fixed  in  glucose  3.34  mg  of  nitrogen,  and  in  mannite  3.95  mg  of  nitrogen.  In  the 
presence  of  B.  SO  the  corresponding  amounts  were  9.11  mg  and  10.33  mg— naore 
than  2.5  times  as  much.  It  also  seems  that  in  Nos.  12  and  14  there  was  a  marked 
increase  in  the  amount  of  nitrogen  fixed,  due  to  the  presence  in  No.  12  of  B.  SI  var., 
and  in  No.  14  of  B.  32.  Further  combinations  of  A,  vinelandii  with  one  or  more  of 
the  other  organisms  showed  that  none  of  them  gave  any  considerable  increase 
beyond  that  given  by  B,  SO. 

The  experiments  presented  here  are  sufficient  to  show  to  what  extent  the  mem- 
bers of  the  azotobacter  group  are  capable  of  fixing  atmospheric  nitrogen  in  artificial 
solutions.  There  are  many  other  experiments  at  hand  representing  hundreds  of 
analyses  which  are  confirmatory  of  the  above,  and  it  is  now  proposed  to  extend  the 
experimental  work  to  actual  soil  conditions,  in  order  to  discover  whether  the  bac- 
teria of  this  group  may  be  utilized  to  replace  the  nitrogen  removed  from  the  soil  by 
crops. 

Mr.  Withers.  I  have  a  reaolution  which  I  shall  be  glad  to  have 
referred  to  the  committee  on  recommendations  of  the  referee  on  soils. 
It  is  as  follows: 

Resolv^dj  That  the  referee  on  soils  be  requested  to  test  if  possible  the  value  of  pro- 
posed methods  for  comparing  the  ability  of  different  soils  to  support  the  growth  of 
nitrifying  organisms  when  the  conditions  are  identical  as  to  temperature,  moisture, 
number  of  germs,  etc. 

The  President.  If  there  is  no  objection  this  resolution  will  be 
referred  to  the  committee  on  recommendations  on  soils. 

Mr.  Wheeler.  I  have  no  formal  paper,  Mr.  President,  but  I  wish  to 
call  attention  to  a  new  indictment  that  we  have  to  bring  against  ignited 
iron  and  aluminum  phosphate  or  roasted  *'*'  redondite."  This  redondite 
contains  from  35  to  40  per  cent  of  reverted  phosphoric  acid  and  hence 
is  a  convenient  material  with  which  to  raise  the  percentage  of  "avail- 
able" phosphoric  acid  in  mixed  fertilizers.  Persons  engaged  in  the 
fertilizer  business  say  that  it  is  used  extensively,  and  yet  this  phosphate 
when  employed  on  acid  soil  has  very  little  value,  and  as  concerns  its 
after  eflFect  is  practically  worthless.  This  is  a  very  serious  indictment 
to  bring  against  a  material  which  contains  from  35  to  40  per  cent  of 
available  or  reverted  phosphoric  acid.  Phosphate,  however,  when 
applied  upon  a  limed  soil  is  much  more  valuable.  The  limed  soil  used 
was  probably  not  limed  heavilj^  enough  to  bring  all  of  the  organic 
acids  into  union  with  lime,  though  it  may  have  been  temporarily 
neutral  or  alkaline  to  litmus  paper.  It  was  sufficiently  limed,  however, 
to  produce  all  ordinary  crops  satisfactorily. 

Upon  this  limed  soil  and  with  certain  crops  this  phosphate  was 
nearly  equal,  in  the  results  produced,  to  some  of  the  most  valuable 
phosphates.  This  was  true  of  grass  for  a  period  of  about  four  years. 
But  when  used  with  many  of  the  hoed  crops,  particularly  with  tur- 
nips, beets,  squashes,  lettuce,  etc.,  this  material  was  of  small  value, 
even  upon  the  limed  soil,  as  compared  with  basic  slag>meal  and  finely 
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ground  bone,  either  acidulated  or  unacidulated,  and  with  other  phos- 
phates. In  Rhode  Island  we  are  face  to  face  with  this  proposition — 
either  our  soils  must  be  put  in  a  condition  such  that  this  material  will 
be  eflFective  or  our  method  of  analysis  must  be  modified  so  that  we 
may  discriminate  against  this  particular  phosphate.  As  the  chemists 
can  not  compel  farmers  to  lime  their  acid  soils  it  seems  that  we  should 
modify  our  methods  or  possibly  determine  the  alumina  in  the  goods 
as  an  indication  of  the  presence  of  this  phosphate.  The  leading  facts 
concerning  this  matter  as  ascertained  to  date  may  be  summarized  as 
follows: 

Panicum  crus-gallin  common  millet,  and  a  few  other  plants,  seem  to  have  excep- 
tional ability  to  use  ignited  aluminum  phosphate  on  both  limed  and  unlimed  soil. 
Its  eflSciency  for  these  crops  is  increased,  nevertheless,  by  liming.  For  grass  on  limed 
soil,  its  efficiency  was  very  close  to  that  of  some  of  the  best  phosphates,  but  upon 
acid  soil  its  relative  and  absolute  efficiency  were  much  less.  For  many  of  the 
hoed  crops,  Swedish  turnips,  beets,  flat  tumii)6,  squashes,  lettuce,  and  others,  its 
after  effect,  at  least  upon  acid  soil,  amounts  to  practically  nothing.  Its  after  effect 
upon  limed  soil  is  relatively  better  than  upon  the  unlimed  soil,  yet  the  crops,  even 
then,  were  poor  compared  with  those  produced  by  the  lime  phosphates,  acidulated 
or  unaddulated.  Those  plants  which  seem  to  make  the  best  use  of  ignited  aluminum 
phosphate  on  unlimed  soil  are  generally  those  least  affected  by  acidity.  This  may 
be  merely  because  they  are  able  to  exist  under  such  acid  conditions  rather  than  on 
account  of  any  special  ability  to  feed  upon  this  particular  phosphate. 

This  is  a  brief  summary  of  the  conclusions  reached  and  in  view  of 
these  facts  I  wish  to  bring  before  the  association  as  forcibly  as  possible 
the  desirability  of  taking  under  immediate  consideration  our  methods 
for  determining  reverted  phosphoric  acid  in  commercial  fertilizers. 
This  particular  material  is  introduced  very  largely  into  our  commercial 
fertilizers  not  only  by  those  who  control  the  process  of  making  it,  but 
also  by  others,  and  one  of  the  principal  reasons  for  its  employment  is 
that  it  produces  a  fertilizer  which  drills  readily,  a  feature  that  pleases 
the  farmer.  I  wish  that  some  member  of  this  association  who  lives  on 
an  alkaline  soil  would  test  this  same  material  for  a  series  of  years  and 
find  out  if  under  such  soil  conditions  this  phosphate,  is  as  effective  as 
the  other  phosphates  even  for  such  crops  as  turnips  and  l)eets. 

Mr.  McDoNNEix.  It  is  interesting  to  note  in  connection  with  Mr. 
Wheeler's  remarks  that  the  fact  that  the  aluminum  phosphates  are 
more  available  in  alkaline  soils  agrees  with  the  fact  that  these  phos- 
phates are  more  soluble  in  the  citrate  solution  when  it  is  slightly 
alkaline  than  when  it  is  slightly  acid. 

Mr.  Wheeler.  Referring  to  some  remarks  previously  made  I  wish 
to  give  a  caution  against  using  enough  lime  to  bring  all  the  organic 
acids  into  combination  at  the  outset,  because  I  believe  that  practically 
all  the  benefit  to  be  derived  from  liming  may  be  secured  at  once  by 
using  less  than  that  amount  even  on  very  acid  soils.  At  least  for  a 
few  years  the  use  of  much  less  lime  than  is  necessary  to  permanently 
2311»— No.  81—04 11 

Digitized  by  VjOOQIC 


162 

neutralize  the  total  acidity  of  the  soil  will  insure  good  crops  and  the 
agricultural  chemist  must  consider  the  economical  aspect  of  such  mat- 
ters. While  it  might  be  well  to  neutralize  iall  the  acidity  at  once,  or, 
in  other  words,  combine  if  possible  all  of  the  organic  acids  and  other 
acid  substances  with  lime,  it  would  be  quite  expensive,  and  hence  it  is 
better  to  effect  this  only  partially  at  first  and  later  to  neutralize  com- 
pletely. 

At  4.20  p.  m.  the  association  adjourned. 
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THIRD  DAY. 

SATTTBDAT— MOBJrnrO  SESSION. 

The  convention  was  called  to  order  by  the  president  at  9.30  a.  m. 
The  report  on  phosphoric  acid  was  called  for  and  in  the  absence  of  the 
referee,  who  had  sent  no  formal  report  but  in  a  letter  to  the  secretary 
had  made  certain  observations  relative  to  the  work,  the  following 
informal  report  was  submitted  by  the  secretary: 

BEPOBT  ON  PHOSPHOBIO  AOID. 
By  B.  H.  HiTE,  Referee, 

(1)  The  aasbciation  made  no  recommendations  or  suggestions  in  regard  to  the 
determination  of  phosphoric  acid,  which  the  referee  thinks  was  wise.  The  present 
method  for  determining  phosphoric  acid  meets  every  requirement,  while  the  short- 
comings in  tlie  methods  for  the  determination  of  other  constituents  could  well 
consume  ail  the  time  at  the  disposal  of  the  association  for  cooperative  work. 

(2)  The  associate  referee  was  anxious  to  test  yet  other  modifications  of  the 
volumetric  method  as  applied  to  the  determination  of  phosphoric  acid  in  soils.  The 
referee  did  not  care  to  take  part  in  any  further  cooperative  work  on  this  subject,  and 
so  instructed  the  associate  to  take  full  charge  of  that  investigation,  sending  out  his 
own  samples,  etc. 

(3)  The  referee  was  anxious  to  do  something  toward  improving  existing  methods 
and  turned  his  attention  to  certain  modifications  of  well-known  methods  involving 
the  weighing  of  the  yellow  precipitate.  In  the  hands  of  the  referee  the  methods 
gave  most  excellent  results,  but  when  tried  by  other  analysts  indifferent  results  were 
obtained.  The  work  was  again  taken  up  by  the  referee,  and  it  is  believed  that  the 
cause  of  the  varying  results  can  be  located,  but  it  is  not  deemed  advisable  to  present 
the  work  to  the  association  until  more  time  has  been  given  to  it. 

Mr.  Van  Sltke.  In  this  connection  I  wish  to  submit  by  title  a  paper 
on  "The Determination  of  Organic  and  Inorganic  Phosphorus  in  Vege- 
table and  Animal  Materials,"  by  E.  B.  Hart  and  W.  H.  Andrews,  of  the 
Geneva  station.^ 

Mr.  Williams.  I  have  a  report  on  phosphoric  acid  to  submit  to  the 
association. 

OOMFABISOir  OF  THE  VOLUMETBIO  AITD  QRAYIMETfilO  METHODS  TS 
DETEBMUnira  total  PHOSPHOBIO  AOID  IH  SOILS. 

By  0.  B.  Williams,  Associate  referee. 

The  work  of  the  associate  referee  on  phosphoric  acid  was  confined  this  year 
entirely  in  testing  the  relative  efficiency  of  the  volumetric  and  gravimetric  methods 

«This  paper  may  be  found  in  Bulletin  No.  238  of  the  New  York  (Geneva)  station, 
and  in  the  American  Chemical  Journal,  vol.  30,  No.  6,  December,  1903. 
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in  the  detennination  of  total  phosphoric  acid  in  four  soils,  two  from  North  Carolina 
and  one  each  from  California  and  Illinois.  This  was  undertaken  *  because  it  is 
believed  that  a  knowledge  of  the  total  quantity  of  plant  food  in  any  soil  will  afford  a 
more  complete  understanding  of  its  potentialities,  cultural,  and  fertilizer  require- 
ments than  results  obtained  by  any  other  methoil.  A  circular  letter  was  sent  to  the 
chief  chemists  of  all  agricultural  experiment  stations  asking  cooperation  in  the  work 
for  this  year.  Samples  were  sent  to  the  seven  who  replied  favorably,  but  analytical 
data  have  been  supplied  only  by  three  analysts. 

DiBBCTIONS   FOR   WoRK   ON   PHOSPHORIC   AciD   SaMPLKB   FOR   1903. 


Use  the  official  method  described  in  Bulletin  My,  revised  edition,  Bureau  of  Chem- 
istry, U.  S.  Department  of  Agriculture,  page  71. 

II. — METHOD   OF  SOLUTION. 

Place  3  grams  of  soil  in  a  platinum  dish  and  ignite  until  omnic  matter  has  been 
destroyed,  then  treat  three  times  with  from  3  to  4  cc  of  hydrofluoric  acid,  evaporat- 
ing to  dryness  each  time  on  a  water  bath,  using  a  platinum  rod  to  stir  upon  each 
addition  of  acid.  Mix  the  residue  thus  obtained  witn  10  grams  of  a  mixture  of  equal 
parts  of  sodium  and  potassium  carbonates  (free  from  phosphoric  acid),  and  reouce 
m  an  agate  mortar  to  a  fine  powder,  after  which  heat  over  a  blast  lamp,  gently  at  first, 
until  the  mass  has  completely  agglutinated,  when  stronger  heat  should  be  tunied.  on 
and  continued  until  calm  fusion  is  attained.  Then  cool,  place  the  dish  and  its  con- 
tents in  a  beaker  and  add  sufficient  (1:1)  hydrochlonc  acid  to  cover  the  dish. 
Place  on  a  water  bath  and  digest  until  the  mass  has  thoroughly  loosened  from  the 
dish,  after  which  it  is  removed.  Evaporate  to  dryness  on  a  water  bath  and  thor- 
oughly dehydrate  the  silica  present  by  finishing  the  heating  in  an  air  bath  at  110° 
C.  for  4  hours.  Take  up  with  dilute  hydrochloric  acid  and  digest  on  water  bath  for 
30  minutes,  after  which  filter  from  silica,  and  wash  thoroughly  to  remove  traces  of 
phosphoric  acid.  To  the  filtrate  add  sufficient  nitric  acid  to  liberate  all  chlorids 
and  evaporate  the  solution  to  a  volume  of  about  40  cc.  ^hen  neutralize  the  excess 
of  nitric  acid  with  ammonia  and  add  12  grams  of  ammonium  nitrate. 

After  effecting  solution  as  indicate<l  abave,  determine  phosphoric  acid  in  the  four 
soil  samples  by  the  following  methods: 

III. — ORAVIMirrRIC   METHOD. 

The  regular  official  method  ( Bui.  46,  revised  eilition.  Bureau  of  Chemistry,  U.  S. 
Department  of  Agriculture,  p.  74).  • 

IV. — VOLUMETRIC   METHOD. 

Cool,  add  30  cc  of  recently  filtered  molybdic  solution,  and  securely  stopper  (anti- 
mony rubber  stoppers  have  been  found  mont  satisfactory).  Shake  the  nask  in  a 
shaking  machine  or  by  hand  for  30  niinutc8,  after  which  remove  and  filter  through 
carbon  filters  by  means  of  suction,  using  asl)e8tos  mats. 

After  thoroughly  transferring  the  ammonium  phospho-molybdate  precipitates  and 
washing  out  the  fiasks  onto  the  a8l)e8tos  filters,  give  the  precipitates  six  more  wash- 
ings each.  Then  remove  the  stopwrs  from  the  j)re88ure  flasks  with  the  small  ends 
of  the  carbon  filters  still  stuck  through  them  and  hold  upright  over  the  sink, 
washing  the  outsides  free  from  acid  with  distilled  water.  Reverse  the  carbon  filtena 
into  the  mouths  of  the  flai?ks  which  originally  contained  the  precipitates,  still  hold- 
ing the  small  stems,  and  by  means  of  the  copper  wires  that  extend  oeyond  the  small 
ends  of  the  carbon  filters  push  out  the  disks,  asbestoH,  and  precipitates  into  the  flasks 
and  wash  the  disks  and  inside  of  carbon  filters  carefully  witn  a  -small  stream  of 
water.  Dissolve  the  precipitates  in  a  slight  excess  of  standard  alkali,  add  a  few  drops 
of  phenolphthalein  solution  to  eacth  and  titrate  l)ack  with  standard  (nitric)  acid, 
using  a  long  stirring  rod  to  thoroughly  tigitate  during  the  operation.^ 

«U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  No.  46,  pp.  13-14;  J.  Amer.  ^Ihem. 
Soc.  28:  8. 
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(a)  Apjxirattis, 

1.  PrecipUating  flask. — ^This  consiste  of  a  500  cc  Erlenmeyer  flask  with  neck  40  mm 
inside  diameter  and  rubber  stopper  to  fit. 

2.  FUiering  device. — ^Through  a  rubber  stopper  in  a  16  ounce  pressure  bottle  of 
Erlenmeyer  form  is  passed  the  small  end  of  a  carbon  filter;  in  the  bottom  of  this  is 
placed  a  perforated  porcelain  plate  or  disk,  to  which  is  rigidly  fastened  a  No.  19 
copper  wire  about  25  cm  long  that  projects  downward  into  the  pressure  bottle. 
The  disk  is  covered  with  a  thin  layer  of  asbestos  prepared  according  to  Gooch. 

3.  Shaking  machine. — Use  the  apparatus  devised  by  Wagner,  excent  that  the  cape 
that  fit  over  the  tops  of  the  flasks  are  made  larger.  This  machine  nolds  ten  flasKS 
and  can  be  revolved  either  by  hand  or  motor.  A  speed  of  40  to  50  revolutions  per 
minute  should  be  maintained,  as  this  is  the  velocity  that  has  been  found  to  give  the 
maximum  agitating  efficiency. 

(6)  Preparation  of  reagents. 

The  reagents  are  as  indicated  in  the  official  methods,  except  that  the  stren^h  of 
the  acid  and  alkali  is  one-half  the  stren^^h  there  prescribcKi;  i.  e.,  one  cc  will  be 
equal  to  one-half  milligram  phosphoric  acid(0.01  per  cent  phosphoric  acid  on  a  basis 
of  5  grams  of  soil). 

1.  Distilled  tvater. — All  washing  and  diluting  should  be  with  distilled  water.  Dis- 
tilled water  obtained  from  water  containing  a  large  amount  of  bicarbonates  is  liable  to 
contain  considerable  carbon  dioxid  in  solution.  This  water  can  be  used  in  washing 
the  ammonium  phosphomolybdate,  but  should  be  used  neither  in  transferring  the 
precipitate  nor  in  diluting  before  titration.  Boiling  the  water  prior  to  using  will 
obviate  this  difficulty. 

V.  REPOKTING    RESULTS. 

All  results  should  be  tabulated,  after  calculating  to  water-free  basis,  and  sent  wiih 
complete  notes  to  the  associate  referee  at  least  thirty  days  prior  to  the  meeting. 

Charles  B.  Williams, 

Associate  Referee. 

Description  of  Soils. 

No.  1. — ^This  soil  is  a  mellow,  fine,  sandy  loam  of  sedimentary  origin,  underlaid  by 
a  moderately  retentive  clay  subsoil  at  a  depth  of  7  inches.  It  was  taken  from  the 
middle  of  the  fertilizer  test  plats  of  com  in  center  of  third  series  of  unfertilized  plats 
at  the  Edgecombe  test  farm  of  the  North  Carolina  department  of  agriculture. 
This  soil  represents  a  very  extensive  type  in  the  eastern  part  of  the  State  that  is 
especially  adapted  to  the  production  of  cotton,  com,  peanuts,  truck,  and  bright-leaf 
tobacco.  This  land  has  been  in  cultivation  for  about  75  years  and  has  been  prin- 
cipally devoted  to  cotton,  com,  oats,  wheat,  tobacco,  and  clover.  Its  original  forest 
growth  was  pine,  oak,  and  sweet  and  black  gum. 

No.  2. — Heavy  red  clay  loam,  designated  by  the  Bureau  of  Soils  as  Cecil  clay,  was 
taken  at  a  depth  of  8  inches  from  plat  No.  5,  second  series  of  unfertilized  com  plats 
of  the  Statesville  test  farm  of  the  North  Carolina  department  of  agriculture.  This 
soil  is  of  residual  origin,  "formed  in  situ,  by  the  long  continued  processes  of  decom- 
position, from  a  number  of  rock  types  distinct  in  their  physical  and  mineralogical 
characters.  The  soil  has  been  derived  from  nearly  all  of  the  rocks  occurring  in  this 
section,  mainly  hornblende  gneiss,  micaceous  schists,  coarse-grained  granites,  and, 
to  a  less  extent,  soapstone  or  steatite." 

Although  the  soil  is  underlaid  by  a  stiff  tenacious  red  clay  subsoil  to  a  depth  of 
several  feet,  it  possesses  good  natural  drainage.  It  is  a  strong,  valuable  soil  and  is 
especially  adapted  to  the  growing  of  grains,  gnieses,  and  clover.  Cotton  will  grow 
upon  it,  but  it  is  not  so  well  suited  to  this  crop  as  to  the  ones  first  mentioned.  The 
original  native  growth  was  principally  black-jack  oak,  pine,  and  bla<*k  and  sweet 
gam. 
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No,  S, — ^This  is  a  dark  soil,  containing  considerable  homus  to  the  depth  of  7  inchee, 
taken  from  the  terrace  or  second  bottom  land  along  the  Du  Page  River  in  Du  Page 
County,  111.  It  lies  from  20  to  30  feet  above  high-water  mark  and  probably  has  not 
been  overflowed  for  centuries,  although  it  may  have  at  one  time  been  bottom  land 
of  the  Da  Page  River.  It  is  made  up  largely  of  glacial  drift,  somewhat  modified  by 
the  underlying  limestone  deposits.  It  belongs  to  one  of  the  richest  classes  of  agri- 
cultural soils  of  the  State  of  Illinois.  The  land  has  been  in  alfalfa  for  three  years 
and  has  produced  as  high  as  10}  tons  of  alfalfa  hay  per  acre  in  a  single  season. 
Under  favorable  seasonal  conditions,  says  Mr.  Cyril  G.  Hopkins,  who  furnished  the 
soil,  it  will  undoubtedly  produce  from  90  to  100  bushels  of  com  per  acre. 

No,  4, — ^This  sample,  furnished  by  Director  E.  W.  Hilgard,  Is  a  fine,  heavy,  dark 
clay  soil,  collected  from  near  the  town  of  Arroyo  Grande,  in  the  valley  of  Arroyo 
Grande,  in  the  southern  portion  of  San  Luis  Obispo  County,  Cal.  This  soil  is  very 
rich  in  plant  food  and  is  especially  noted  among  seedsmen  as  one  *'  capable  of  pro- 
ducing vegetable  seeds  of  maximum  value."  Over  one-half  of  this  soil  is  silt,  and 
possesses  a  saturation  point  by  volume  of  67  per  cent  and  by  weight  of  77  per  tsent. 
The  mechanical  and  chemical  analyses  of  this  soil  (No.  2061)  will  be  found  on  page 
178  of  the  Report  of  the  California  Agricultural  Experiment  Station  for  the  years 
ending  18»8-1901,  Part  II. 

Results  of  Work. 


The  analytical  results,  given  in  the  table,  are  calculated  to  water-free  substance, 
and  hence  are  on  a  strictly  comparable  basis. 

Determination  of  total  pJiospJioric  acid  ky  two  methods  in  four  (ooUculated  to  vxUer-free 

gubstance)  soils. 


No.l. 

No.  2. 

No.  8. 

No.  4. 

Analyst. 

Volu- 
metric. 

Gravi- 
metric. 

Volu- 
metric. 

Gravi- 
metric. 

Volu- 
metric. 

Gravi- 
metric. 

Volu- 
metric. 

Gravl- 
metric. 

P.  P.  Veltch,  Washington,  D.  C 

W.  G.  Hayiirood,  Raleigh,  N.  C 

Perd. 
0.043 

Perd. 
0.037 

PercL 
0.086 

Perd, 
0.077 

Perd. 

0.272 
.289 
.808 
.805 
.802 
.276 

Perd. 
0.822 

.811 
.386 
.296 
.274 

PercL 
0.468 
.620 
.499 
.501 
.492 
.495 

Perd, 
0.529 

.517 

C.  B.  Williams,  Raleigh,  N.  C 

J.  H.  Pettit,  Urbana,  lll.« 

.044 
.060 

.093 
.096 
.048 

.076 
.049 

.079 
.080 
.049 

.496 
.603 
.500 

Average 

.043 

.066 

.081 

.079 

.291 

.816 

.492 

.515 

a  Received  too  late  to  be  included  in  averages;  see  comments  by  analyst. 
Comments  by  Analysts. 

F,  P.  Veiich, — The  instructions  were  followed  in  all  essential  particulars.  In  the 
execution  of  the  volumetric  method  the  yellow  precipitate  was  filtered  and  washed 
free  of  acid  on  the  ordinary  filter  paper  and  funnel.  No  shaker  was  used,  but  the 
precipitate  was  allowed  to  stand  four  hours  at  50®  C.  before  filtering.  In  r^nlar 
work  with  the  gravimetric  method  it  is  my  practice,  after  dissolving  in  ammonia,  to 
reprecipitate  with  nitric  acid  and  more  molybdate  and  complete  the  determination 
as  usual,  washing  the  precipitate  very  thoroughly  with  water.  In  routine  work  we 
always  use  the  volumetric  method  on  soils. 

Harry  Snyder. — One  set  of  determinations  was  made  on  the  soil  samples,  but  for 
lack  of  time  have  not  been  able  to  duplicate  the  results.  Mr.  Hummel,  the  assistant 
chemist,  who  did  the  work,  reports  that  the  results  by  the  gravimetric  method  are 
slightly  higher  than  those  obtained  by  the  volumetric    In  some  soil  work  we  have 
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divided  the  solution,  used  part  for  the  gravimetric  and  part  for  the  volumetric  deter- 
mination, and  then  dissolved  the  gravimetric  precipitate  after  weighing,  and  deter- 
mined the  phosphoric  acid  volumetrically.  Determinations  made  in  this  way  compare 
quite  closely.  I  think  the  difficulty  is  due  to  the  presence  of  a  little  alumina  and 
other  compounds  in  the  final  precipitate,  and  on  that  account  the  results  by  the  volu- 
metric method  are  more  satisfactory  than  those  by  the  ordinary  gravimetric  process. 

W,  G.  Hay%vood. — ^The  results  on  soils  Nos.  1  and  2  were  not  altogether  satisfactory, 
and  no  report  is  made  on  them,  as  sufficient  time  was  not  available  to  make  further 
determinations.  Considerable  difficulty  was  experienced  with  Nos.  1  and  2  in  keep- 
ing the  phosphoric  acid  from  going  out  of  solution  while  being  evaporated  with  nitric 
acid  prior  to  adding  molybdic  solution;  with  soils  Nos.  3  and  4  no  trouble  was  encoun- 
tered. Of  the  two  methods,  I  prefer  the  volumetric,  as  it  is  easier  to  manipulate  than 
the  gravimetric  and  gives  equally  as  good  results. 

/.  H.  Pettit, — I  had  difficulty  in  running  the  method  suggested  for  getting  the 
phosphoric  acid  into  solution.  In  our  regular  work  on  soils  we  use  the  10-hour 
digestion  method  for  obtaining  the  soil  solution.  For  the  determination  of  phos- 
phoric acid  in  this  solution  an  aliquot  portion  is  concentrated  to  25  cc,  neutralized 
with  ammonia  and  cleared  up  with  nitric  acid.  Then  heat  to  40°,  precipitate  with 
molybdic  solution  and  let  stand  over  night.  Filter,  wash,  dissolve  in  standard 
potassium  hydroxid,  and  titrate  the  excess  of  the  latter  with  standard  nitric  acid. 
This  is  practically  the  same  method  as  that  outlined  by  the  association  and  has 
been  checked  up  with  the  gravimetric  method.  Further,  for  my  personal  satisfac- 
tion, I  used  the  10-hour  digestion  on  the  soils  sent  out  by  the  referee,  intending  to 
compare  the  results  obtained  with  those  given  by  the  fusion  method.  In  these 
solutions  the  phosphoric  acid  was  determined  both  by  our  method  and  by  the  sug- 
gested shaking  method.     The  results  are  as  follows: 

Comparison  of  phosphoric  add  determinations  in  soUs  by  different  methods^  under  varying 

conditions. 


Soil 
No. 

Gravimetric  method  precipi- 
tated at— 

Volumet- 
ric 
method, 
shook  30 
minutes. 

40°  C. 

650C. 

80°  C. 

883 

881 
885 
886 
887 

Percl. 

0.057 
.066 
.103 
.061 
.095 

Ferct. 

0.055 
.065 
.104 
.062 
.095 

PereL 
0.055 
.063 
.103 
.060 
.096 

PercL 
0.052 
.055 
.098 
.075 
.088 

Discussion  of  Results  and  Methods. 

By  a  study  of  the  results  in  the  table  it  will  be  found  that,  with  the  exception  of 
soil  No.  2,  the  average  results  on  total  phosphoric  acid  are  higher  by  the  gravimetric 
than  by  the  volumetric  method.  These  divergences  are  due  most  probably  to  the 
small  amounts  of  iron,  alumina,  or  silica,  or  all  three,  carried  down  with  the  white 
precipitates  when  magnesia  mixture  is  added,  as  pointed  out  by  the  associate  referee 
in  the  Journal  of  the  American  Chemical  Society «  and  by  others  elsewhere.  For 
this  reason,  and  for  the  further  reason  that  the  volumetric  method  precipitated  all 
phosphoric  acid  in  the  four  official  samples,  and  in  about  three  hundred  other  deter- 
minations of  soil  samples  made  by  the  associate  referee,  it  is  thought  that  the 

a  Vol.  25,  p.  493. 
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volumetric  method  Js  preferable  to  the  gravimetric  in  the  determination  of  total 
phosphoric  acid  in  soils.  Also  the  volumetric  is  much  shorter  than  the  gravimetric 
method. 

Recommendations. 
It  is  recommended: 

(1)  That  the  volumetric  method  for  the  determination  of  total  phosphoric  acid  in 
soils  be  made  an  optional  method. 

(2)  That  a  study  of  different  solvents  for  total  phosphoric  acid  in  soils  be  taken  up 
for  investigation  next  year. 

The  President.  Are  there  any  remarks  to  be  made  on  phosphoric 
acid? 

Mr.  RoBisoN.  We  have  had  trouble  in  Michigan  with  a  certain 
class  of  phosphates  which  when  treated  with  a  sufficient  amount  of 
citmte  of  ammonia  go  completely  into  solution.  Some  experiments 
show  that  from  a  half  of  1  per  cent  to  1  per  cent  is  insoluble  by  the 
official  method  when  2  grams  are  used,  whereas  if  1  gram  is  used  there 
will  remain  practically  no  phosphate  undissolved.  With  a  precipitated 
phosphate  that  is  put  out  by  the  Michigan  Carbon  Works  of  Detroit, 
if  we  use  2  grams  and  100  cc  of  citrate  of  ammonia  of  1.09  specific 
gravity  varying  percentages  are  undissolved.  The  manufactui^ers 
regard  this  as  quite  an  important  point,  as  they  think  the  present 
method  misrepresents  their  goods. 

The  President.  This  brings  up  an  old  question  with  which  we  have 
been  having  trouble  for  some  years  and  1  do  not  know  of  any  disposi- 
tion that  can  be  made  of  the  matter  unless  this  single  substance  be 
singled  out  and  treated  differently  from  any  other  phosphate.  The 
question  might  be  referred  to  the  referee  for  investigation  as  to  what 
action  shall  be  taken. 

Mr.  Huston.  For  the  consolation  of  our  friend  from  Michigan  I 
would  say  that  1  have  a  beautiful  curve  on  this  subject  which  I  have 
had  for  about  ten  years.  The  material  has  not  been  published  except 
in  a  fragmentary  way,  but  I  have  quite  complete  data  in  the  laboratory 
and  shall  be  glad  to  give  any  information  that  1  can  on  the  subject. 
So  far  as  making  this  a  separate  subject  is  concerned  1  would  say  that 
it  really  occupies  a  peculiar  position  as  precipitated  phosphate  is  prob- 
ably as  near  reverted  phosphoric  acid  as  anything  found  in  the  trade. 
The  method  of  preparation  is  exactly  that  of  theoretically  reverted 
phosphoric  acid,  I  understand,  so  it  practically  is  reverted. 

Mr.  Wiley.  I  wish  to  submit  the  following  letter  received  from  Mr. 
Hilgard  of  the  California  station  under  date  of  October  28,  1903: 

At  a  late  meeting  of  the  Association  of  Official  Agricultural  Chemists  the  subject  of 
an  official  method  for  the  determination  ot  available  phosphoric  acid  in  Thomas  slag 
was  dropped,  on  the  ground  that  not  a  sufficient  amount  of  the  slag  was  being  used  in 
the  United  States;  but  now  the  use  of  the  slag  in  California  is  extending  rapidly, 
amounting  last  year  to  over  1,500  tons,  and  as  our  fertilizer  law  requires  us  to  use  the 
official  method,  we  are  in  a  predicament.    As  I  understand  it,  the  citrate  method  has 
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by  default  remained  the  official  one,  while  in  Europe  it  is  almost  universally  discarded 
for  the  citric  acid  method,  which  corresponds  more  nearly  to  actual  experience.  Now, 
the  slag  comes  with  a  certificate  of  available  phosphoric  acid  according  to  the  European 
method,  while  we  are  supposed  to  use  here  the  one  that  has  been  discarded,  and  thus 
put  the  importer  in  jeopardy  of  the  law.  I  would  suggest,  therefore,  that  this  matter 
be  taken  up  again  at  the  coming  meeting  and  referred  to  the  proper  committee  for 
consideration. 

The  reason  for  recommend\pg  the  use  of  Thomas  slag  on  our  soils  is  simply  this: 
The  arid  soils  are  so  universally  rich  in  lime  carbonate  that  reversion  of  superphos- 
phate occurs  within  the  first  3  or  4  inches  of  the  surface  soil,  hence  to  bring  the 
phosphate  within  reach  of  the  roots  of  our  deep-feeding  plants  it  must  be  deeply 
plowed  in  to  be  effective.  But  the  same  plowing  will  also  make  the  slag  phosphate 
effective,  and  that  being  the  cheaper  source  I  recommend  its  use  on  the  basis  of 
European  experience.  *  *  *  Moreover,  it  is  especially  adapted  to  the  limonite 
soils  of  the  Hawaiian  Islands,  in  which  the  soluble  superphosphate  rapidly  reverts  to 
the  same  inert  condition  in  which  it  is  already  contained,  and  very  abundantly,  in 
the  basaltic  soils  of  Oahu  and  Hawaii.  Quite  similar  soils  also  occur  in  California 
and  Oregon,  so  the  question  of  the  Thomas  slag  is  of  considerable  interest  to  the 
Pacific  coast  and  should  be  taken  up  and  settled  by  the  association. 

I  wrote  to  Mr.  Hilgard,  citing  the  proceedings  of  this  association 
where  the  matter  had  been  discussed,  and  quoted  the  suggestion  made 
by  a  gentleman  who  has  had  a  great  deal  of  experience  in  this  matter, 
to  the  effect  that  the  establishment  of  fineness  for  the  basic  slags  together 
with  an  estimate  of  the  total  phosphoric  acid  might  be  satisfactory  to 
all  concerned.     Professor  Hilgard  telegraphed  as  follows: 

Our  station  fully  agrees  to  the  standard  of  fineness  and  total  phosphoric  acid  for 
Thomas  slag. 

I  think  it  might  be  well  for  the  referee  to  be  asked  to  again  consider 
the  advisability  of  establishing  some  special  method  of  valuing  these 
slags.  I  know  the  danger  of  permitting  a  valuation  of  this  kind,  but 
it  is  just  as  fair  to  the  slag  as  it  is  to  the  bone,  because  we  do  determine 
the  total  phosphoric  acid  in  bone.  Whether  the  State  allows  it  in 
trade  values  or  not  is  another  question,  but  the  official  method  does 
determine  phosphoric  acid  in  bone.  We  also  determine  the  total  phos- 
phoric acid  in  all  phosphoric  fertilizers,  and  there  is  no  reason  why 
that  plan  should  not  be  adopted  for  basic  slag.  Then  if  the  degree 
of  fineness  be  considered  in  conjunction  with  the  total  phosphoric  acid 
as  a  factor  in  estimating  its  availability  it  appears  that  a  conclusion 
satisfactoiy  to  all  concerned  will  be  reached. 

Since  this  meeting  began  Mr.  Huston  has  again  called  my  attention 
to  the  fact,  which  he  observed,  and  was  one  of  the  first  to  observe  in 
his  earlier  service  under  my  direction  at  Purdue,  namely,  that  fine- 
ground  bone  goes  into  progressive  solution  in  the  ammonia  citrate 
solution  with  which  reverted  phosphoric  acid  is  estimated,  and  the 
amount  which  goes  into  solution  is  a  factor  or  function  determined  by 
fineness,  the  strength  of  the  solution,  the  temperature,  and  the  time 
of  digestion.     So  that  any  amount,  almost,  of  the  finely  ground  bone 
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could  be  rendered  available  by  this  treatanent.  Now,  the  same  thing 
is  true  of  basic  slag.  By  adopting  the  European  citric-acid  method 
as  the  standard  for  valuation  you  can  practically,  by  continuing  the 
application  or  varying  the  strength  or  temperature,  bring  the  whole 
of  the  basic  slag  into  solution  and  render  it  thu6  apparently  available. 
Or,  by  varying  the  conditions,  you  may  reverse  the  reaction  to  a 
certain  extent. 

It  is  also  well  known  that  basic  slag  is  far  more  available  for  plant 
food,  as  a  rule,  than  an  equal  amount  of  phosphoric  acid  in  the  form 
of  tricalcium  phosphate  undissolved,  although  both  may  be  equally 
insoluble  in  water,  the  basic  slag  liaving  a  diflferent  chemical  composi- 
tion and  therefore  being  more  available  for  the  nourishment  of  a 
plant.  In  connection  with  one  of  my  assistants,  I  presented  to  this 
association  several  years  ago  some  papers  on  the  determination  of  the 
quantity  of  phosphoric  slag  really  present  in  the  form  of  tetra-calcium 
phosphate  and  the  system  of  its  crystallization.  When  we  consider 
the  composition  of  a  basic  slag  and  remember  that  it  is  a  mixture  of  free 
lime,  iron  to  some  extent,  tetra-calcium  phosphate,  with  perhaps  a 
trace  of  tricalcium  phosphate,  and  many  other  substances,  it  is  seen 
that  we  have  a  very  complicated  material  with  which  to  deal.  Never- 
theless, though  the  consideration  of  it  was  formerly  dropped  by  the 
association  because  it  was  not  coming  into  the  country  tx)  any  extent 
and  was  not  largely  used  as  a  fertilizer,  in  the  light  of  the  statement 
made  by  Mr.  Hilgard  we  must  now  reverse  that  opinion  and  recognize 
that  basic  slag  is  again  becoming  commercially  important  in  this 
country. 

I  therefore  move  that  the  referee  on  phosphoric  acid  be  instructed 
to  reconsider  the  question  of  the  valuation  of  basic  phosphatic  slags, 
especially  the  recommendation  to  establish  a  standard  based  on  the 
total  phosphoric  acid  and  degree  of  fineness. 

The  President.  Perhaps  Mr.  Wiley  would  include  the  precipitated 
and  the  Redonda  phosphates. 

Mr.  Wiley.  I  have  no  objection  to  that. 

Mr.  Huston.  There  is  one  point  in  connection  with  these  slags, 
which  seems  to  have  had  the  special  attention  of  our  friends  in 
Europe  who  determine  availability  by  citric  acid  alone,  that  we  ought 
to  consider.  While  the  tricalcium  phosphate  goes  into  solution  pro- 
gressively under  different  conditions  of  temperature  with  basic  slag,  the 
amount  of  phosphoric  acid  going  into  solution  increases  for  a  time 
with  citric  acid.  It  then  decreases,  and  if  the  action  of  1  or  2  per  cent 
citric  acid  is  continued  long  enough  a  point  is  reached  where  there 
will  be  a  very  large  amount  of  lime,  iron,  manganese,  and  the  other 
constituents  of  the  slag  in  solution,  and  no  phosphoric  acid  at  all  is 
left,  it  being  entirely  precipitated. 

1  do  not  believe  that  any  method  which  under  varying  conditions  of 
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temperature  will  give  a  maximum  at  different  times  and  finally  give 
nothing  is  a  suitable  method  for  any  commercial  material,  and  it 
seems  to  me  that  the  matter  should  be  very  seriously  considered.  The 
fact  that  phosphoric  acid  will  not  remain  in  solution  in  citric  acid  if 
the  action  be  sufficiently  prolonged  has  not  received  much  attention. 
Moreover,  in  dealing  with  citrate  of  ammonia  it  must  be  remembered 
that  the  solution  must  be  much  more  dilute,  or,  rather,  with  two  grams 
of  slag  and  100  cc  of  liquid  the  amount  dissolved  is  increased  very 
rapidly  by  simply  adding  water.  We  do  not  make  any  progress  of 
real  value  unless  these  two  simple  facts  are  considered. 

Furthermore,  there  are  other  slags  which  you  will  be  called  upon 
to  value  later.  They  are  not  the  Bessemer  crucible  slags,  but  the  open- 
hearth  slags,  which  are  now  made  in  very  large  quantities  near  St. 
Louis,  and  as  the  Bessemer  ores  are  exhausted  the  phosphoric  acid  in 
these  slags  will  rise  until  they  finally  become  an  article  of  commerce. 
They  differ  somewhat  from  the  others  in  that  they  contain  a  large 
amount  of  silica,  which  may  make  trouble.  Enormous  quantities  of 
these  open-hearth  slags  will  be  produced  before  long,  and  some  of 
them  already  contain  10  per  cent  of  phosphoric  acid,  which  almost 
places  them  in  the  commercial  class. 

The  President.  The  resolution  offered  by  Mr.  Wiley  is  before  the 
convention. 

The  resolution  was  adopted. 

Mr.  Penny.  I  wish  to  offer  the  following  resolution  on  soil,  if  it  is 
in  order: 

Resolved,  That  the  referee  on  soils  be  requested  to  make  a  thorough  examination  of 
the  methods  described  in  Bulletin  22  of  the  Bureau  of  Soils  for  the  determination  of 
available  plant  food. 

Adopted. 

Mr.  Camekon.  Mr.  President,  I  wish  to  say  that  a  misunderstand- 
ing has  evidently  gone  forth,  and  is  in  the  minds  of  the  majority  of 
the  gentlemen  here,  in  regard  to  the  purpose  of  Bulletin  No.  22.  It 
was  not  maintained  in  that  bulletin  that  the  procedure  there  described 
would  determine  the  available  plant  food  in  the  soil  in  the  sense  in 
which  "  available  plant  food "  is  supposed  to  be  determined  by  the 
conventional  procedures.  The  analytical  methods  used  were  given  as 
an  explanation  of  our  work  and  an  earnest  of  good  faith.  They  were 
developed  for  our  own  particular  purposes,  although  of  course  we 
can  not  have  the  slightest  objection  to  anybody  using  them. 

Our  object  in  the  beginning  of  the  work  was  to  develop  methods 
which  would  enable  us  to  determine  exceedingly  small  amounts  in 
solution  and  then  with  these  methods  to  develop  a  procedure  which 
would  enable  us  to  follow  what  changes  might  be  taking  place  in  the 
soil  from  day  to  day.  It  was  found  impracticable  in  the  field  work 
described  in  Bulletin  No.  22  to  make  the  examinations  daily,  but  we 
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did  as  well  as  we  could  by  making  them  every  week  or  ten  days  dur- 
ing the  growing  season. 

I  wish  to  state  distmctly  to  this  convention,  so  that  there  may  be  no 
misunderstanding,  that  while  there  is  no  objection  to  anyone  trying 
these  methods,  the  authors  of  Bulletin  No.  22  do  not  and  never  have 
proposed  a  procedure  for  the  determination  of  the  fertility  of  soils. 
Bulletin  No.  22  shows  that  the  procedure  we  followed  would  not 
work;  it  does  not  determine  the  fertility  of  the  soil,  and  in  this  regaitl 
is  absolutely  without  analogy  to  other  proposed  methods,  such  as  the 
methods  to  which  Mr.  Wiley  has  referred,  those  Mr.  Hilgftrd  has  sug- 
gested, or  the  '* official",  method.  Our  methods  were  intended  for  an 
entirely  different  purpose,  and  the  Bureau  of  Soils  has  never  sup- 
posed they  would  be  considered  as  proposed  for  the  same  purpose  as 
the  official  method. 

Now  we  may  some  time  propose  a  method  for  deteimiining  fertility — 
Professor  Whitney  and  1  have  been  investigating  one — but  it  is  some- 
thing entirely  different  in  character  from  the  work  described  in  Bul- 
letin No.  22.  I  will  say  once  more  that  the  procedures  described  in 
Bulletin  No.  22  are  not,  and  there  is  nothing  in  the  bulletin  which  can 
be  tortured  into  saying  they  are,  methods  for  the  determination  of  the 
fertility  of  the  soil  in  the  sense  in  which  conventional  methods  are  so 
used. 

The  President.  We  will  now  take  up  thfe  report  on  sugar,  and  in 
justice  to  the  referee,  Mr.  Tolman,  I  wish  to  say  that  he  took  up  the 
work  late  in  the  year,  at  my  request,  upon  the  resignation  of  Mr. 
Spencer. 

SEPOBT  OF  snaAiL 

By  L.  M.  ToLHAN,  Referee, 

The  work  on  sugar  this  year  has  been  very  limited.  Mr.  Munson  has  continaed 
the  work  on  reducing  sugar  commenced  last  year,  and  will  make  a  report  at  this 
meeting.  Mr.  DavoU,  associate  referee  on  beet-sugar  methods,  through  some  mis- 
understanding, did  not  send  in  any  report  to  the  meeting,  but  has  since  made  a  few 
suggestions  in  a  letter  to  the  referee  as  to  work  for  next  year,  which  are  as  follows: 

I  have  been  considering  the  matter  of  taking  up  several  lines  of  investigation  after 
the  campaign  is  over,  continuing  the  work  on  ramnose  and  startinff  others.  We  lay 
great  stress  upon  raffinose  determinations  in  our  factory,  as  the  carbohydrate  is  pres- 
ent to  a  considerable  extent  in  Michigan  beets.  As  the  campaign  progresses  I  shall 
be  able  to  suggest  some  cooperation  work  after  watching  our  own  laboratory  work 
during  that  time. 

Regarding  additional  work,  I  would  suegest  investigations  upon  the  determinations 
of  sucrose  and  raffinose  in  the  presence  ofreducing  sugars.  J.  Wortman  ^  has  worked 
out  a  formula^  but  I  believe  that  it  is  not  ^neraliy  accepted  as  correct 

Another  thmg  that  we  need  is  a  practical  method  for  the  direct  analysis  of  the 
beet  by  the  hot- water-diction  method  in  the  tare  room,  capable  of  handling  up  to 
600  samples  per  day,  with  the  minimum  of  labor.  I  am  inclined  to  faivor  the 
Sachs- Le  Bocte  method,  but  look  for  a  simplified  manipulation  as  regards  the 
digestion.  An  instantaneous  cold  method  would  do  if  a  uniform  and  continoons 
supply  of  fine  pulp  could  be  had. 

a  Spencer's  Handbook,  p.  116;  also  Zeit.  Rubensncker-Ind.,  8t:  760. 
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Mr.  MuiuKkB's  paper  being  in  the  nature  of  a  report  of  progress,  he  makes  no  reoom- 
mendatioQA  except  that  a  continuation  of  the  work  is  very  desirable.  It  is  hoped 
that  by  next  year  some  definite  results  may  be  offered  the  association,  which  are 
especially  needed,  as  at  this  time  we  have  two  distinct  methods  of  procedure  for  the 
Allihn  method  which  give  different  results,  and  yet  the  same  tables  are  used. 

RfiCOM  MBN  D  ATIONS. 

(1)  The  question  of  the  analysis  of  such  products  as  molasses  has  been  under  dis- 
cussion lately,  as  the  methods  now  in  use  require  certun  modifications  before 
they  can  be  applied,  and  the  question  has  been  raised  as  to  whether  it  would  not  be 
well  to  appoint  another  associate  referee  on  sugar  to  take  up  the  subject  of  the  appli- 
cation and  modification  of  our  present  methods  to  apply  to  such  products.  I  think 
that  the  only  way  in  which  we  can  accomplish  much  in  sugar  work,  as  in  most  of 
the  other  lines  of  work  in  this  association,  is  through  individual  effort,  and  would 
recommend  that  such  an  associate  be  appointed.  I  believe  Mr.  Sawyer,  who  is 
much  interested  in  this  subject  at  the  present  time,  will  give  an  outline  of  the  work 
he  has  been  doing  on  molasses  methods  and  make  some  suggestions  as  to  work  for 
next  year. 

(2)  The  international  association  for  the  unification  of  sugar  methods  has  at  the 
present  tinie  under  discussion  some  changes  in  the  copper  solution  used  to  determine 
reducing  sugars,  and  I  would  recommend  that  the  referee  be -instructed  to  communi- 
cate with  the  committee  which  has  this  work  in  charge  with  the  idea  of  cooperating 
with  them  on  this  subject. 

(3)  The  recommendations  involving  changes  in  official  and  provisional  methods 
on  sugar  and  several  minor  changes  in  Bulletin  No.  46  which  were  made  at  the  last 
meeting  and  printed  in  the  proceedings  oi  that  year  (1902)  were  overlooked  by  the 
committee  on  recommendations  of  referees,  and  should  be  acted  upon  at  this  meet- 
ing.    (See  report  of  Committee  B,  p.  230. ) 

The  President.  Before  proceeding  further  with  the  discussion  of 
the  sugar  report,  1  wish  to  introduce  Doctor  Needham,  of  the  Colum- 
bian University. 

ADDEE88  BT  PKESIDEirT  HEBDHAM,  OOLUMBIAIT  UNTTEESITT. 

Mr.  Prbbident  and  Gentlemen:  It  gives  me  great  pleasure  on  behalf  of  the  Uni- 
versity to  extend  a  cordial  greeting  to  this  association  of  distinguished  workers  in 
one  of  the  most  important  fields  of  science.  We  desire  to  put  at  your  service  every 
facility  we  have  that  will  add  to  your  comfort  and  the  success  of  your  meeting. 
These  recurring  gatherings  add  to  our  obligations;  for  we  feel  that  your  work  is  a 
large  contribution  to  every  institution  of  learning,  and  because  of  our  fortunate  loca- 
tion we  receive  a  direct  and  special  benefit  from  your  discussions.  I  should  esteem 
it  a  great  pleasure  to  listen  to  all  of  the  able  papers  and  remarks  offered  at  this 
meeting. 

In  view  of  your  annual  gatherings  here,  it  may  not  be  out  of  place  for  me  to  say 
that  the  University  is  looking  toward  a  larger  life,  better  buildings,  and  equipment. 
We  have  secured  a  site  on  Seventeenth  street,  south  of  the  State  Department,  and 
fronting  on  the  President's  park.  This  is  in  the  immediate  vicinity  of  the  Agricul- 
tural Department,  with  its  fine  equipment  of  men  and  laboratories,  which  is  w^orking 
out  great  problems  of  public  interest,  and  may  also  become  helpful  to  many  graduate 
students  and  men  engaged  in  original  research.  In  this  location  we  hope  to  erect  a 
well-equipped  chemical  laboratory  and  conduct  graduate  work  of  a  high  order.  In 
this  advanced  work  we  shall  desire  to  avail  ourselves  of  the  assistance  of  many  sden- 
tiflts  who  are  developing  knowledge  along  these  lines.    We  also  hope  that  these 
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buildings  and  laboratories,  when  erected,  may  furnish  a  temporary  home  and  woi^- 
shop  for  investigators  who  come  to  Washington  for  a  longer  or  shorter  period  to  avail 
themselves  of  the  special  advantages  for  resean^h  work  existing  in  this  city.  For 
general  assemblies  like  the  present,  we  shall  have  better  accommodations  to  offer, 
and  they  will  be  quite  as  convenient  in  all  respects  as  the  present  location.  It  will 
take  a  little  time  to  work  out  these  plans  and  complete  these  buildings,  and  in  the 
meantime  the  present  building  and  equipment  are  yours  while  you  are  in  the  city 
and  can  use  them. 

There  is  one  thought  in  my  mind  in  reference  to  your  work  that  I  wish  I  might 
clearly  express,  and  that  is,  the  intellectual  and  spiritual  benefit  which  is  coming  to 
mankind  as  a  result  of  your  labors.  In  the  wonderful  discoveries  of  science  we  are 
apt  to  think  only  of  the  immediate  discovery  and  overlook  the  greater  results  that 
flow  from  it.  You  chemists  are  at  the  heart  of  things.  You  are  discovering  facts 
and  laws  which,  in  their  natural  operation,  have  far-reaching  effects  upon  human 
life.  The  theory  of  evolution  has  fought  its  way  and  has  been  accepted.  All  recog- 
nize to-day  that  the  things  that  are  have  come  out  from  the  past,  formed  and  adapted 
by  the  environment  in  which  the  life  found  itself.  The  natural  law  of  adaptation 
has  worked  and  is  working  out  the  sublime  objects  of  its  author  and  human  life  has 
risen  to  higher  and  higher  planes  and  to  greater  usefulness.  But  in  these  later  years 
another  thought  has  come  to  the  world^s  students.  If  the  environment  has  such  an 
effect  upon  life,  then  why  not  change  the  environment  and  make  it  better,'  accepting 
the  natural  law  the  scientists  are  working  to  improve  the  conditions  of  life,  and  in 
this  way  are  producing  and  will  in  the  future  produce  a  higher  and  a  better  life  for 
man.  In  mechanics,  after  the  machine,  comes  the  search  after  more  favorable  tron- 
ditions — the  reduction  of  friction  in  order  to  secure  better  and  greater  results.  So, 
having  discovered  a  great  law  of  life,  the  aim  of  the  scientists  is  to  improve  the  con- 
ditions, to  relieve  all  unnecessary  strain  upon  vital  forces  in  order  that  the  intel- 
lectual and  spiritual  life  of  man  may  have  greater  freedom  and  power  of  action. 
The  man  who  finds  himself  upon  a  poor  and  unproductive  soil  need  not  take  a  long 
journey  to  new  fields,  but  through  the  discoveries  of  chemistry  he  may  make  his 
land  productive.  Not  only  that,  but  he  may  know  the  products  best  adapted  to  the 
soil  and  climate  in  which  he  lives.  Does  the  manufacturer  find  his  profits  dimin- 
ishing and  his  capital  threatened  by  the  expense  or  the  difficulties  of  production, 
the  chemist  will  tell  him  how  to  increase  the  quality  and  decrease  the  expense.  In 
almost  every  line  of  human  activity  where  physical  facts  and  forces  are  employed 
the  chemist  has  become  an  indispensable  man;  and  thus  he  is  adding  to  the  wealth 
of  the  nation  and  bringing  within  the  reach  of  many,  at  a  reasonable  cost,  the  things 
which  supply  the  ever  increasing  wants  of  our  higher  civilization. 

Not  only  is  the  environment  being  changed  for  the  better  but  by  chemical  investi- 
gations and  experiments  the  foods  we  eat  and  the  drinks  we  drink  are  purified,  and 
their  adaptation  to  our  varying  wants  is  made  known.  Thus  the  body  is  protected 
against  harmful  influences  and  relieved  from  much  of  the  strain  on  the  vital  forces 
causeil  by  the  effort  to  overcome  the  bad  effects  of  injurious  matter;  and  by  this 
selection,  following  the  natural  law,  the  best  growth  and  development  of  the  physical 
nature  is  secured.  Thus  is  the  work  of  the  chemist  making  the  conditions  of  physical 
life  more  favorable,  and  thereby  he  is  making  it  possible  to  develop  to  a  higher 
degree  the  intellectual  J\nd  spiritual  life.  This  result  must  always  be  regarded  as  the 
final  goal  of  human  life,  and  everything  that  tends  to  such  development  and  enlarge- 
ment is  a  noble  work. 

In  the  early  history  of  this  country  the  continent  was  a  wilderness,  but  by  the 
intelligent  energy  of  our  people,  our  frontiers  have  been  driven  back  upon  the 
undiscovered  country  and  the  w^ilderness  has  given  up  to  civilized  man  its  \nst 
resources.  So  in  the  world  of  knowledge  the  great  body  of  natural  laws  and  facts 
was  unknown  until  the  scientists,  by  persistent  effort  and  struggle,  had  driven  back 
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the  boundary  line  of  ignorance,  and  large  fields  in  the  reahn  of  truth  ha<i  been 
uncovereil. 

In  tlie  discovery  of  natural  forces  and  laws  and  the  rearrangement  of  matter  to 
produce  new  and  better  conditions,  man  is  working  for  the  rejuvenation  of  man. 
Not  by  dreaming,  nor  by  superstition,  nor  by  the  works  of  superstition,  but  by  the 
direct,  persistent,  sincere,  and  fearless  work  of  the  student  in  the  realms  of  nature  is 
discovered  that  light  which  "shineth  in  darkness;"  and  then  is  brought  into  the 
great  treasure  house  of  humanity  the  facts  and  knowledge  which  are  indeed  "both 
new  and  old." 

I  congratulate  you  upon  the  splendid  work  you  are  doing,  and  trust  that  there 
will  be  many  returns  of  the  meeting  of  this  association  in  the  halls  of  this  university. 

The  President.  I  am  sure  I  express  the  thought  of  the  association 
when  1  extend  to  President  Needham  our  thanks  for  the  words  he  has 
spoken.  We  appreciate  what  he  has  said,  especially  coming  as  it  does 
from  a  man  of  his  attainments  and  position. 

We  now  come  to  the  recommendations  made  by  the  referee  on  sugar. 
As  he  proposed,  the  recommendations  made  by  the  referee  of  last  year 
will  be  referred  to  the  committee  having  sugar  under  consideration  for 
final  adoption  or  other  action.     Are  there  any  other  papers  on  sugar? 

Mr.  Sawter.  I  wish  to  submit  a  brief  paper  on  methods  of  molasses 
analysis. 

METHODS  FOB  THE  ANALTSIS  OF  MOLASSES. 

By  H.  E.  Sawyer. 

In  examining  several  hundre<l  samples  of  molasses  during  the  last  two  years,  I 
have  found  it  impossible  to  obtain  sufficiently  accurate  results  by  use  of  the  analyti- 
cal methods  given  in  Bulletins  Nos.  46  and  66.  For  the  analysis  of  goods  of  fairly  high 
quality,  containing  little  coloring  matter  or  other  organic  non-sugar,  these  methods 
are  quite  satisfactory;  and  for  goods  of  lower  grade  they  still  are  satisfactory, 
provided  that  approximate  results  are  sufficient.  But  for  the  accurate  analyses,  such 
as  ought  to  precede  the  acceptance  of  large  lots  of  the  low-grade  molasses  commonly 
worked  up  into  alcohol,  they  are  entirely  inadequate. 

The  commercial  chemists  of  our  cities,  on  whose  tests  this  molasses  is  usually 
bought  and  sold,  have  proceeded,  in  consequence  of  the  lack  of  a  proper  official 
method,  to  follow  each  his  own  will  and  way  in  making  analyses  of  these  goods, 
with  the  result  that  satisfactory  agreement  between  two  analysts  is  very  rare.  In 
case  of  disagreement,  who  is  to  decide  which  chemist  is  in  the  right?  And  in  case 
of  serious  disagreement  and  reference  to  the  courts,  how  can  an  equitable  decision 
be  given  in  the  absence  of  a  reliable  and  official  method?  In  consequence  of  this 
state  of  affairs,  it  is  desirable  for  large  buyers  of  molasses  that  the  Association  of 
Official  Agricultural  Chemists  come  to  their  assistance,  as  it  did  to  the  aid  of  the 
tanners  a  few  years  since,  in  developing  and  recommending  analytical  methods  of 
suitable  accuracy. 

As  I  already  have  indicated,  the  inadequacy  of  the  present  methods  in  testing 
low-grade  molasses  is  due  to  the  intense  coloration  of  such  goods.  To  clarify  a 
very  dark  and  thick  molasses  sufficiently  for  x>olarization  without  the  use  of  bone 
black  may  require  50  or  60  cc  of  basic  lead  acetate  if  the  Ventzke  normal  weight  is 
dissolved  and  made  up  to  a  volume  of  100  cc,  as  recommended  on  page  39  of 
Bulletin  No.  46.  The  bulk  of  the  lead  precipitate  so  produced  concentrates  the 
sugar  solution  and  raises  the  polarization  unduly.  Moreover,  the  excess  of  lead 
remaining  in  the  solution  acts  on  the  specific  rotary  power  of  the  sugars  and  raises 
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the  polarization  still  further.  I  have  known  extreme  canes  where  the  direct  polari- 
zation obtained  ^ith  solutions  so  prepared  was  about  a  third  in  excess  of  what  I 
believed  to  be  the  true  value.  That  is  to  say,  a  reading  of  22^  was  obtained  when  a 
value  of  17°  or  18°  would  have  been  nearer  correct.  In  addition  to  its  effect  upon 
the  direct  x>olarization,  the  presence  of  a  lai^  excess  of  lead  interferes  with  the 
inversion  of  a  sugar  solution  and  with  the  correct  determination  of  the  invert 
polarization  and  the  sucrose. 

To  avoid  difhculties  of  this  sort,  experiments  were  made  during  the  last  two  years 
in  the  direction  of  using  more  dilute  solutions  than  are  recommended  in  the 
association's  present  methods.  I  dissolved  the  normal  weight  and  made  up  to  500 
cc;  with  this  lower  concentration  I  succeeded  in  getting  filtrates  light  enough  for 
polarization,  using  no  more  than  10-15  cc  of  basic  acetate.  The  decrease  in  the 
bulk  of  the  precipitate  and  in  its  influence  upon  the  concentration  of  the  solution, 
and  the  absence  of  the  troublesome  excess  of  lead  from  the  solution,  gave  results 
nearer  to  the  true  polarization  values  and  facilitated  inversion. 

Of  course  the  polariscope  readings  on  the  dilute  solutions  in  tubes  of  regulation 
length  must  be  multiplied  by  five  in  order  to  obtain  the  actual  polarization  values, 
and  it  may  be  objected  that  this  involves  the  multiplication  of  observ'ation  error. 
In  fact,  however,  when  the  sum  of  five  consecutive  readings  is  taken  as  indicating 
the  actual  polarization,  the  probable  error  is  very  slight.  With  the  triple  field  sac- 
chari meter,  showing  clearly  a  difference  of  0.05°,  it  may  be  a  not  uncommon  experi- 
ence to  have  five  such  readings  agree  absolutely;  and  in  extreme  cases  of  variation 
the  probable  error  is  surely  smaller  than  the  certain  error  involved  in  working  on 
the  lines  of  the  present  method. 

To  illustrate  the  closeness  with  which  a  polarization  may  be  determined  in  the 
dilute  solution  I  give  the  readings  obtained  in  one  of  many  tests  upon  this  point. 

Degrees. 
25.00 
24.95 
25.05 
25.00 
25.05 


I.  Sucrose  solution  containing  approximately  6.5  grams  per  100  cc.    Polar- 
ized in  200  mm  tube  (five  r^ings  taken) 


"*  »  x/*«e^ - --- 

II.  Sucrose  solution  exactly  one-fifth  the  concentration  of  that 
used  in  No.  I.  Polarized  in  200  mm  tube  (two  sets  of  five 
readings  each) 

Degrees. 

r  5.00 
4.95 
5.00 

Sums 

4.95 
^  5.05 

24.95 

Mean  errors  of  sums 

±.09 

Degrees. 
5.00 
4.95 
5.00 
5.05 
5.00 

25.00 
±.075 

It  must  be  recognized  by  everyone  who  has  had  experience  in  molasses  analysis 
that  these  errors  are  much  smaller  than  those  which  attend  the  attempt  to  polarize 
the  dark  solutions  prepared  at  the  concentration  of  26  grams  to  100  cc. 

It  may  be  asked  whether  the  polariscopic  readings  may  not  be  materially  affected 
by  the  change  in  the  specific  rotary  powers  of  the  sugars  of  molasses,  due  to  the  low- 
ering of  the  concentration  from  26  grams  to  100  cc  to  26  grams  to  500  cc  I  have 
found  in  practice  that  no  effect  of  this  sort  is  noticeable,  and  have  calculated  and 
here  present  the  theoretical  effect  of  such  a  change  of  concentration  for  a  mixture  of 
pure  sucrose  and  invert  sugar. 

It  may  be  assumed  for  the  purpose  of  this  calculation  that  the  sirup  contains  26.923 
per  cent  of  sucrose  and  an  equal  amount  of  invert  sugar.  These  proportions  are 
practically  the  same  as  those  of  low-grade  molasses,  and  they  give,  according  as  the 
normal  weight  of  26  grams  is  dissolved  to  100  or  to  500  cc,  concentrations  of  7  or 
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1.40  grams  per  100  cc  for  both  sugars.     The  specific  rotary  powers  and  the  cor- 
responding Ventzke  polarizations  for  the  two  concentrations  are  as  follows:  <^ 

PolarizcUians  with  varying  concentratio7i8. 


Concentration. 

Sucrose. 

Invert  sugar. 

Resultant 
direct  po- 
larization. 

Sirup. 

Sugar. 

Specific  ro- 
tation. 

Polariza- 
tion. 

Specific  ro- 
tation. 

J»olariza- 
tion. 

26:100 
26:500 

7.00:100 
1.40:100 

Angular  de- 
grees, 

66.484 

66.446 

Ventzke  de- 
grees. 

26.917 

26.901 

Angular  de- 
grees. 

-19.910 

-19.708 

Ventzke  de- 
grees. 

-8.060 

-7.979 

Ventzke  de- 
greet. 

18.857 

18.922 

DifFerenn(> . 

.016 

—  .081 

.065 

Here,  therefore,  as  in  the  observation,  the  possible  error  is  materially  smaller  than 
the  certain  inaamracies  which  attend  the  present  method  of  molasses  analysis. 

Of  course  I  do  not  claim  that  it  is  possible  by  using  the  dilute  solution  to  deter- 
mine with  absolute  accuracy  the  sucrose  of  a  dark  molasses.  It  is  believed,  how- 
ever, that  it  is  possible  to  insure  increased  accuracy,  and  that  the  method  as  outlined 
is  a  safe  one,  though  still  capable  of  further  development.  With  this  belief,  and  in 
the  interest  of  the  laige  molasses  users  I  ask  for  it  the  consideration  of  the  association. 

Mr.  M UNSON.  I  have  no  report  to  make,  but  as  associate  referee  on 
sugar  wish  to  say  a  few  words  on  the  work  done  during  the  past  year. 
As  stated  at  the  last  meeting,  this  work  has  for  its  purpose  the  obtain- 
ing of  a  more  satisfactory  alkaline  tartmte  solution,  the  idea  being  to 
get  a  solution  that  could  be  applied  to  all  sugara.  Considerable  work 
has  been  done  along  this  line  during  the  past  year,  but  at  the  present 
time  there  is  nothing  definite  to  report  except  that  1  have  succeeded 
in  getting  a  solution  that  has  very  much  less  effect  on  cane  sugar  than 
any  of  the  solutions  in  use,  even  less  than  the  Soxhlet  solution,  which 
is  the  most  dilute  and  has  the  least  effect  on  cane  sugar  of  any  solution 
now  recognized.  This  solution  requires  50^rams  of  caustic  soda 
and  173  grams  of  rochelle  salts  per  500  cc.  I  have  reduced  the  caustic 
soda  to  24  grams  per  500  cc  and  increased  the  rochelle  salts  to  275 
grams.  When  working  with  a  20  per  cent  solution  of  pure  cane 
sugar  and  using  the  Soxhlet  method  the  reduction  amounts  to  50  mg  of 
cuprous  oxid,  while  with  the  new  solution  the  reduction  amounts  to 
something  less  than  17  mg,  about  one-third-of  the  eflfect  so  far  as  the 
action  on  cane  sugar  is  concerned.  With  a  10  per  cent  solution  of 
cane  sugar,  using  the  Soxhlet  method,  the  reduction  amounts  to  about 
40  mg,  while  with  the  new  solution  the  reduction  is  less  than  11  mg. 
The  idea  has  been  to  get  a  weak  solution,  one  that  will  not  reduce 
spontaneously  and  yet  will  have  the  least  eflfect  on  cane  sugar.  It  has 
been  somewhat  difficult  to  work  this  out.     I  think  it  would  be  a  good 
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idea  to  continue  this  work  another  year,  and  if  we  get  a  satisfactory 
solution  for  all  the  sugars,  then  to  work  out  factors  and  a  method  for 
the  various  reducing  sugars,  using  a  given  method  and  a  given  solution. 

As  the  referee  reported,  there  has  been  a  committee  appointed  by 
the  International  Congress  of  Sugar  Chemists,  for  the  purpose  of  look- 
ing into  this  matter  of  a  satisfactory  solution  for  the  reducing-sugar 
method,  and  I  think  it  would  be  well  for  this  association  to  authorize 
some  cooperation. 

The  President.  Is  there  any  discussion. 

Mr.  Wiley.  Some  of  our  members  may  not  know  what  the  principal 
things  are  that  the  international  conmiittee  has  done.  In  the  first 
place,  it  has  recommended  that  the  temperature  at  which  all  apparatus 
is  standardized  should  be  changed  from  17.5^  C  to  20^  C,  as  it  is  rec- 
ognized that  the  former  is  too  low.  I  was  in  favor  of  22.5°,  which  is 
still  2°  below  the  average  temperature  of  our  laboratories  during  the 
summer.  We  have  made  some  interesting  observations  on  this  point» 
having  kept  the  temperatures  of  polarization  at  the  ports  of  New 
York  and  Boston  every  day  for  two  years  and  have  found  the  average 
to  be  over  23°  C.  It  is  seen  that  the  adopted  temperature  is  still  far 
below  our  standard,  but  it  is  much  better  than  before. 

The  next  most  important  resolution  of  the  international  committee 
is  that  all  polarizations  shall  be  made  at  the  temperature  at  which  the 
instruments  are  graduated,  but  each  country  is  allowed  to  have  its  in- 
struments graduated  at  its  own  standard  temperature  if  it  be  higher 
or  lower  than  20°.  Thus  the  errors  due  to  graduating  instruments  at 
one  temperature  and  making  polarizations  at  another  are  eliminated.  I 
think  that  is  the  most  important  work  of  the  international  committee. 

The  third  is  that  a  true  cubic  centimeter  flask  shall  be  used  with  26 
grams  of  sugar  instead  of  26.048  grams  with  the  Mohr  flask.  That 
eliminates  an  element  of  discord  which  never  should  have  entered  into 
sugar  analysis  at  all. 

These  are  the  most  important  resolutions  of  the  committee.  It  is 
working  all  the  time  and  is  now  preparing  one  standard  solution  of 
sugar.  Thus  this  principle,  which  started  with  the  organization  of 
this  association,  has  permeated  all  the  world,  and  instead  of  using 
instruments  standardized  b}'  everyone  who  uses  them,  there  is  one 
source  from  which  standard  sugars  can  be  obtained,  that  is,  from  the 
president  of  the  international  committee.  Each  country  is  allowed  to 
make  its  own  standard  sugar  if  it  wants  to,  but  it  is  far  better  to 
get  it  from  one  source.  We  have  received  a  package  for  the  United 
States,  a  part  of  which  has  been  given  to  the  National  Bureau  of 
Standards.  The  members  of  this  association  ought  to  know  that  the 
National  Bureau  of  Standards  will  standardize  instruments  free  of  cost 
for  all  Government  institutions,  and  I  think  that  the  agricultural 
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experiment  stations  come  under  that  category.  It  is  most  important 
in  sugar  analysis  to  know  that  the  polariscope  is  right.  While  for- 
merly the  differences  in  polarization  often  averaged  as  much  as  0.8 
per  cent  the  comparative  data  to-day  rarely  differ  more  than  0.1  per 
cent,  which  shows  what  has  been  accomplished  by  the  adoption  of 
these  uniform  methods. 

The  President.  I  understand  that  the  committee  on  food  standards 
is  ready  to  report. 

EEPOET  OP  THE  OOMMITTEE  OH  POOD  STAITOAEDS. 

Thb  President  and  Members  of  the  Association  of  Official  Agricultural 
Chemists:  On  behalf  of  the  standing?  committee  on  food  standards,  I  desire  to  report 
that  Congress,  by  an  act  approved  March  3, 1903,  made  further  provision  "  to  enable 
the  Secretary  of  Agriculture  in  collaboration  with  the  Association  of  Official  Agri- 
cultural Chemists,  and  such  other  experts  as  he  may  deem  necessary,  to  establish 
standards  of  purity  for  food  products  and  to  determine  what  are  regarded  as  adultera- 
tions therein,  for  the  guidance  of  the  officials  of  the  various  States  and  the  courts  of 
justice." 

Acting  under  commission  from  the  Secretary  of  Agriculture  and  the  authority  con- 
ferred by  this  association,  the  committee  has,  during  the  past  year,  prepared  a  fur- 
ther revision  of  several  of  the  schedules  to  which  your  attention  and  that  of  trade 
and  commercial  interests  concerned  have  already  been  called,  and  has  conducted  a 
voluminous  correspondence  respecting  the  definitions  and  standards  proposed. 

Three  meetings  have  been  held,  of  an  aggregate  duration  of  sixteen  days,  during 
which  numerous  hearings  have  been  given  to  trade  interests  requesting  an  oppor^ 
tnnity  for  conference  and  for  discussion  of  the  definitions  and  standards.  It  is  a 
pleasure  to  report  that,  while  naturally  solicitous  lest  hasty  and  ill-considered  action 
might  needlessly  disturb  the  vast  business  interests  concerned,  the  representatives  of 
those  engaged  in  food  manufacture  and  commerce  have  expressed  a  cordial  approval 
of  the  movement  as  conducive  to  the  welfare  of  both  producer  and  consumer. 

Your  committee  recommends  to  the  Secretary  of  Agriculture  for  approval  at  this 
time  standards  for  certain  articles  belonging  to  the  meat,  milk,  sugar,  condiment, 
and  cocoa  schedules.    They^re  hereto  appended: 

Before  the  adoption  of  any  schedule,  it  has  been  submitted  to  the  manufacturing 
firms  and  the  trade  immediately  interested  for  criticism  and,  when  requested  by 
them,  conferences  for  discussion  have  been  arranged.  Certain  questions  have  arisen 
in  the  discussion  of  these  standards  relative  to  several  substances  sometimes  used  as 
preservatives  or  coloring  matters;  in  the  judgment  of  the  committee  these  questions 
can  most  satisfactorily  be  treated  in  connection  with  Schedule  III,  Preservatives  and 
coloring  matters,  and  recommendations  have  therefore  been  deferred  pending  the 
consideration  of  that  schedule. 

For  the  primary  definitions  and  standards  and  for  the  compilations  of  data  for 
standards  and  constant  assistance  in  the  revision  of  the  schedules,  the  committee  is 
greatly  indebted  to  the  following  persons: 

Charles  D.  Woods,  Ph.D.,  director  of  the  Maine  Agricultural  Experiment  Station, 
Orono,  Me.,  referee  on  meat  and  its  products;  L.  L.  Van  Slyke,  Ph.D.,  chemist  of 
the  New  York  Agricultural  Experiment  Station,  Geneva,  N.  Y,,  referee  on  milk  and 
its  products;  Charles  A.  Crampton,  M.  D.,  chemist  of  the  Bureau  of  Internal 
Bevenue,  referee  on  beverages,  including  cocoa  and  cocoa  products;  A.  L.  Winton, 
Ph.B.,  chemist  of  the  Connecticut  Agricultural  Experiment  Station,  New  Haven, 
Conn.,  referee  on  condiments. 
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The  committee  is  also  indebted  to  others  for  information  and  helpful  suggestions, 
which  will  be  more  specifically  acknowledged  in  a  report  of  its  work  to  be  later 
submitted. 

Very  respectfully,  William  Frear. 

E.  H.  Jbnkins. 

M.  A.  SCOVKLL. 

H.  A.  Weber. 

H.  W.  WiLBY. 

Standari>s  ok  Purity  for  Food  Products 

Whereas  the  Congress  of  the  United  States  by  an  act  approved  June  3,  1902, 
authorized  the  Secretary  of  Agriculture  to  establish  standards  of  purity  for  food 
products;  and 

Whereas  he  was  empowered  by  this  act  to  consult  with  the  committee  on  food 
standards  of  the  Association  of  Official  Agricultural  Chemists  and  other  experts  in 
determining  these  standards;  and 

Whereas  he  has  in  accordance  with  the  provisions  of  the  act  availed  himself  of 
the  counsel  and  advice  of  these  experts  and  of  the  trade  interests  touching  the  prod- 
ucts for  which  standards  have  been  determined,  and  has  reached  certain  conclusions 
based  on  the  general  principles  of  examination  and  conduct  hereinafter  mentioned; 

Therefore,  I,  James  Wilson,  Secretary  of  Agriculture,  do  hereby  proclaim  and 
establish  the  following  standards  for  purity  of  focni  products  together  with  their  prece- 
dent definitions  as  the  official  standards  of  these  food  products  for  the  United  States 
of  America. 

Jambs  Wilson. 

Washington,  D.  C,  November  21  ^  190S, 

PRINCIPLES  ON  WHICH   THE  DEFINITIONS  AND  STANDARDS  ARE 

BASED. 

The  general  considerations  which  have  guided  the  committee  in  preparing  the 
definitions  and  standards  for  food  products  are  the  following: 

1.  The  main  classes  of  food  articles  are  defined  before  the  subordinate  classes 
are  considered. 

2.  The  names  of  the  various  substances  for  which  standards  are  proposed  are 
defined. 

3.  The  definitions  are  so  framed  as  to  exclude  from  the  articles  defined  sub- 
stances not  included  in  the  definitions. 

4.  The  definitions  include,  where  possible,  those  qualities  which  make  the  articles 
described  wholesome  for  human  food. 

5.  A  term  defined  in  any  of  the  several  schedules  has  the  same  meaning  wherever 
else  it  is  used  in  this  report. 

6.  The  names  of  food  products  herein  defined  usually  agree  with  existing  Ameri- 
can trade  or  manufacturing  usage,  but  where  such  usage  is  not  clearly  established  or 
where  trade  names  confuse  two  or  more  articles  for  which  specific  aesignations  are 
desirable,  preference  is  given  to  one  of  the  several  trade  names  applied. 

7.  Standards  are  based  upon  data  representing  materials  produced  under  Ameri- 
can conditions  and  manufactured  by  American  processes  or  representing  such 
varieties  of  foreign  articles  as  are  chiefly  imported  for  American  use. 

8.  The  standards  fixed  are  such  that  a  departure  ^of  the  articles  to  which  they 
apply,  above  the  maximum  or  below  the  minimum  limit  prescribed  is  evidence 
that  such  articles  are  of  inferior  or  abnormal  quality. 

9.  The  limits  fixed  as  standard  are  not  necessarily  the  extremes  authentically 
recorded  for  the  article  in  question,  because  such  extremes  are  commonly  due  to 
abnormal  conditions  of  production  and  are  usually  accompanied  by  marks  of  inferi- 
ority or  abnormality  readily  perceived  by  the  producer  or  manufacturer. 
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FOOD  DEFINITIONS  AND  STANDAED8. 
I.  Animal  Products. 

A.   MEATS  AND  THB  PBINCIPAL  MSAT  PBODUOTB. 
(a)  MiATS. 
Definitions. 

1.  Meat  is  any  sound,  dressed,  and  properly  prepared  edible  part  of  animals  in 
good  health  at  the  time  of  slaughter.  The  term  '*  animals,"  as  herein  used,  includes 
not  only  mammals,  but  fish,  fowl,  crustaceans,  mollusks,  and  all  other  animals  used 
as  food. 

2.  Fresh  meat  is  meat  from  animals  recently  slaughtered  or  preserved  only  by 
refrigeration. 

3.  SaUedf  pickledy  and  smoked  meats  are  unmixed  meats  preserved  b^r  salt,  sugar, 
vinegar,  spices,  or  smoke,  singly  or  in  combination',  whether  in  bulk  or  in  packages. 

Standard, 

Standard  meat,  fresh  meat^  and  salted,  pickled,  and  smoked  meats  are  such  as  conform 
respectively  to  the  foregoing  definitions. 

(5)  Manupacturkd  Meats. 

Definition, 

1.  Manufactured  meats  are  meats  not  included  in  definitions  2  and  3,  whether 
simple  or  mixed,  whole  or  comminuted,  in  bulk  or  packages,  with  or  without  the 
addition  of  salt,  sugar,  vinegar,  spices,  smoke,  oils,  or  rendered  fat 

Standard. 

Standard  manufactured  meats  conform  to  the  foregoing  definition.  If  they  bear 
names  descriptive  of  composition,  they  correspond  thereto,  and  when  bearing  such 
descriptive  names,  if  force  or  flavoring  meats  are  used,  the  kind  and  quantity  toereof 
are  made  known. 

(c)  Meat  Extracts,  Meat  Peftonxb,  etc. 

(Schedule  in  preparation.) 

(d)  Labd. 

Definitions, 

1.  Lard  is  the  rendered  fresh  fat  from  slaughtered,  healthy  hogs. 

2.  Leaf  lard  is  the  lard  rendered  at  moderately  high  temperatures  from  the  internal 
fat  of  the  abdomen  of  the  hog,  excluding  that  adherent  to  the  intestines. 

Standard. 

Standard  lard  and  standard  leaf  lard  are  lard  and  leaf  lard,  respectively,  free  from 
rancidity,  containing  not  more  than  one  (1)  per  cent  of  substances,  other  than  fatty 
acids,  not  fat,  necessarily  incorporated  therewith  in  the  process  of  rendering,  and 
standard  leaf  lard  has  an  iodine  number  not  greater  than  sixty  (60). 

Definition. 

3.  Neutral  lard  is  lard  rendered  at  low  temperatures. 

B.    MILK  AND   ITS  PRODUCTS. 

(a)  Milks. 

Definition. 

1.  MUk  (whole  mUk)  is  the  lacteal  secretion  obtained  by  the  complete  milking  of 
one  or  more  healthy  cows,  properly  fed  and  kept,  excluaing  that  obtained  within 
fifteen  days  before  and  five  days  after  calving. 
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Standard. 


and  not  less  than  eight  and  one-half  (8.5)  per  cent  of  solids  not  &it,  nor  less  than 


Standard  milk  is  milk  containing  not  less  than  twelve  (12)  per  cent  of  total  solids 
jad  not  less  than  eight  and  one-half  (8.5)  per  c 
t^ree  and  one-fourth  (3.25)  per  cent  of  milk  fat. 

Definitions. 

2.  Blended  milk  is  milk  modified  in  its  composition  so  as  to  have  a  definite  and 
statedbercenta^e  of  one  or  more  of  its  constituents. 

3.  Stim  milk  is  milk  from  which  a  part  or  all  of  the  cream  has  been  removed. 

Standard, 

Standard  skim  milk  is  skim  milk  containing  not  leas  than  nine  and  one-fourth 
(9.25)  per  cent  of  milk  solids. 

Definitions. 

4.  BuUermUk  is  the  pr 
cream  in  the  process  of  churning. 

5.  Pasteurized  milk  is  standard  milk  that  has  been  heated  below  boiling  but  Bufil- 
ciently  to  kill  most  of  the  active  organisms  present  and  immediately  cooled  to  fifty 
degrees  (50®)  Fahr.  or  lower  to  retard  the  development  of  their  spores. 

6.  Sterilized  milk  is  standard  milk  that  has  been  heated  at  the  temperature  of  boiling 
water  or  higher  for  a  len^h  of  time  sufficient  to  kill  all  organisms  present. 

7.  Condensed  milk  is  milk  from  which  a  considerable  portion  of  water  has  been 
evaporated. 

8.  Sweetened  condensed  mUk  is  milk  from  which  a  considerable  portion  of  water  haa 
been  evax>orated  and  to  wh\^h  sugar  (sucrose)  has  been  added. 

Standard. 

Standard  condensed  milk  and  standard  sireeiened  condensed  mUk  are, condensed  milk 
and  sweetened  condensed  milk,  respectively,  containing  not  less  than  twenty-eight 
(28)  per  cent  of  milk  solids,  of  which  not  less  than  one-fourth  is  milk  fat. 

Definitimi. 

9.  Condensed  skim  milk  is  skim  milk  from  which  a  considerable  portion  of  water 
has  been  evaporated. 

(6)  Milk  Fat  or  Buttsb  Fat 

DeftnUion. 

1.  Milk  fat  or  butter  fat  is  the  fat  of  milk. 

Staiidard. 

Standard  milk  fat  or  butter  fat  has  a  Reichert-Meissl  number  not  less  than  twenty- 
four  (24)  and  a  specific  gravity  not  less  than  0.905  (40°  C.  /40*>  C). 

(c)  Crkam. 

Definitimi. 

1.  Cream  is  that  portion  of  milk,  rich  in  butter  fat,  which  rises  to  the  surface  of 
milk  on  standing,  or  is  separate<l  from  it  by  centrifugal  force. 

/Standard. 

Standard  cream  is  cre&ni  containing  not  less  than  eighteen  (18)  per  cent  of  milk 
fat 

Definitiofi. 

2.  Evaporated  cream  is  cream  from  which  a  considerable  portion  of  water  baa  been 
evaporated. 
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(d)  BUTTEB. 

Definition. 

1.  Butter  is  the  product  obtained  by  gathering  in  any  manner  the  fat  of  freeh  or 
ripened  milk  or  cream  into  a  mass,  which  also  contains  a  small  portion  of  the  other 
milk  constituents,  with  or  without  salt  By  acts  of  Congress  approved  August  2, 
1886,  and  May  9,  1902,  butter  may  also  contain  additional  coloring  matter. 

Standard, 

Standard  bvUer  is  butter  containing  not  leas  than  eighty-two  and  five-tenths  (82.5) 
per  cent  of  butter  fat. 

Definition. 

2.  Ilenovated  or  process  butter  is  the  product  obtained  by  melting  butter  and  rework- 
ing, without  the  addition  or  use  of  chemicals  or  any  substances  except  milk,  cream, 
or  salt. 

Standard. 

Standard  renovated  or  process  butter  is  renovated  or  process  butter  containing  not 
more  than  sixteen  (16)  per  cent  of  water  and  at  least  eignty-two  and  five-tenths  (82.5) 
per  cent  of  butter  fat. 

{e)  Chxbsb. 

Definitions. 

1.  Cheese  is  the  solid  and  ripened  product  obtained  bv  coagulating  the  casein  of 
milk  by  means  of  rennet  or  acids,  with  or  without  the  addition  of  ripenine:  ferments 
and  seasoning.  By  act  of  Congress,  approved  June  6,  1896,  cheese  may  also  contain 
additional  coloring  matter. 

2.  Whole-mitk  or  full-cream  cheese  is  cheese  made  from  milk  from  which  no  portion 
of  the  fat  has  been  removed. 

3.  Skim-milk  cheese  is  cheese  made  from  milk  from  which  any  portion  of  the  fat 
has  been  removed. 

4.  Cream  cheeM  is  cheese  made  from  milk  and  cream,  or  milk  containing  not  less 
than  six  (6)  per  cent  of  fat. 

Standard. 

Standard  whole-milk  cheese  or  fuU-cream  cheese  is  whole-milk  or  full-cream  cheese 
containing  in  the  water-free  substance  not  less  than  £fty  (50)  per  cent  of  butter  fat. 

(/)  MiscELLANBOus  Milk  Pboducts. 

Definition. 

1.  Ice  cream  (in  preparation). 

Standard. 

Standard  ice  cream  (in  preparation). 

Definitions. 

2.  Whey  is  the  product  remaining  after  the  removal  of  fat  and  casein  from  milk  in 
the  process  of  cheese  making. 

3.  Kumiss  is  mare's  or  cow's  milk,  with  or  without  the  addition  of  sugar  (sucrose), 
which  has  undergone  alcoholic  fermentation. 

II.  Vbgetable  Products. 

A.    GRAIN  PRODUCTS. 

(Schedule  in  preparation.) 

B.    FRUITS  AND   VEGETABLES. 

(Schedule  in  preparation. ) 
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C.    SUGARS  AND  RELATED  SUBSTANCES. 

(a)  SCGAR  AND  Sugar  Products. 

Definition. 

1.  Sugar  is  the  product  chemically  known  as  sucrose  (saccharose),  chiefly  obtained 
from  sugar  cane,  sugar  beets,  sorghum,  maple,  or  palm. 

Standard, 

tandard  sugar  is  white  sugar  contj 
per 


Standard  sugar  is  white  sugar  containing  at  least  ninety-nine  and  five-tenths  (99.5) 
3r  cent  of  sucrose. 

Definitions. 

2.  Granulated,  loaf,  cut,  milled,  and  powdered  sugars  are  different  forms  of  standard 
sugars. 

3.  Maple  sugar  is  the  solid  product  resulting  from  the  evaporation  of  maple  sap. 

4.  Massecuite,  melada,  mush  sugar,  and  concrete  are  products  obtained  by  evaporatinj^ 
the  purified  juice  of  a  sugar-producing  plant,  or  a  solution  of  sugar,  to  a  solid  or  semi- 
solia  consistence  in  which  the  sugar  chiefly  exists  in  a  crystalline  state. 

5.  Molasses  is  the  product  left  after  separating  the  sugar  from  massecuite,  melada, 
mush  sugar,  or  concrete. 

Standard,  * 

Standard  molasses  is  molasses  containing  not  more  than  twenty-five  (25)  per  cent  of 
water  nor  more  than  five  (5)  per  cent  of  ash. 

Definitions. 

6.  Sirup  is  the  product  obtained  by  purifying  and  evaporating  the  juice  of  a  sugar- 
producing  plant  without  removing  any  of  the  sugar. 

7.  Sugar-cane  sirup  is  a  sirup  obtained  by  the  evaporation  of  the  juice  of  the  sugar 
cane  or  by  the  solution  of  sugar-cane  concrete. 

8.  Sorghum  sirup  is  a  sirup  obtained  by  the  evaporation  of  sorghum  juice  or  by  the 
solution  of  sorghum  concrete. 

9.  Maple  sirup  is  a  sirup  obtained  by  the  evaporation  of  maple  sap  or  by  the  solution 
of  maple  concrete. 

10.  Sugar  sirup  is  a  product  obtained  by  dissolving  sugar  to  the  consistence  of  a 
sirup. 

Standard, 

Standard  sirup  is  a  sirup  containing  not  more  than  thirty  (30)  per  cent  of  water 
nor  more  than  two  and  five-tenths  (2.5)  per  cent  of  ash. 

(6)  GLUcoes  Products. 

Definition, 

1.  Starch  sugar  or  grape  sugar  is  the  solid  product  obtained  by  hjrdrolyzing  starch 
or  a  starch-containing  substance  until  the  greater  part  of  the  starch  is  converted  into 
dextrose.  Starch  sugar  or  grape  sugar  appears  in  commerce  in  two  forms,  anhydrous 
and  hydrous.  In  the  former,  the  sugar  is  crystallized  without  water  of  crystalliza- 
tion; in  the  latter,  it  is  crystallized  with  water  of  crystallization.  The  hydrous  varie- 
ties are  commonly  known  as  70  and  80  sugars;  70  sugar.is  also  known  as  brewers' 
sugar,  and  80  sugar  as  climax  or  acme  sugar. 

Standards, 

(a)  Standard  70  sugar  or  hreioers'  sugar  is  hydrous  starch  sugar  containing  not  less 
than  seventy  (70)  per  cent  of  dextrose  and  not  more  than  eight-tenths  (0.8)  per 
cent  of  ash. 

(b)  Standard  80  sugar,  climax  or  acme  sugar,  is  hydrous  starch  sugar  containing 
not  less  than  eighty  (80)  per  cent  of  dextrose  and  not  more  than  one  and  one-half 
(1.5)  per  cent  of  ash. 

(c)  Standard  anhydrous  grape  sugar  is  anhydrous  grape  sugar  containing  not  less 
than  ninety-five  (95)  per  cent  of  dextrose  without  water  of  crystallization  and  not 
more  than  eight-tenths  (0.8)  per  cent  of  ash. 

The  ash  of  these  standard  products  consists  almost  entirely  of  chlorids  and 
sulphates  of  lime  and  soda. 
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DefinUian, 

2.  Glucose,  mixing  glucose,  or  confectioners*  glucose  is  a  thick  sirapy  substance 
obtained  by  incompletely  hydrolizing  starch  or  a  starch-containing  substance, 
decolorizing  and  evaporating  the  product.  It  is  found  in  various  degrees  of 
concentration,  ranging  from  forty-one  (41)  to  forty-five  (45)  degrees  Baum^. 

Standard. 

Standard  glucose,  mixing  glucose,  or  confectioner^  glucose  is  colorless  glucose,  varying 
in  density  between  forty-one  (41)  and  forty-five  (46)  degrees  Baum^,  at  a  tempera- 
ture of  one  hundred  (100)  dqp:rees  F.  (37.7®  C).  It  conforms  in  density,  within 
these  limits,  to  the  degree  Baum6  it  is  claimed  to  show,  and  for  a  density  of  forty-one 
(41)  degrees  Baum^  contains  not  more  than  twenty-one  (21)  per  cent  of  water  and 
for  a  density  of  forty-five  (45)  degrees  not  more  than  fourteen  (14)  per  cent.  It 
contains  on  a  basis  of  forty-one  (41)  decrees  Baum^  not  more  than  one  (1)  per  cent 
of  ash,  consisting  chiefiy  of  chlorids  and  sulphates  of  lime  and  soda. 

Definition, 

3.  Glucose  sirup  or  com  sirup  is  glucose  unmixed  or  mixed  with  sirup  or  molasses. 

Standard, 

Standard  glucose  sirup  or  com  sirup  is  glucose  sirup  or  corn  sirup  containing  not 
more  than  twenty-five  (25)  per  cent  of  water  nor  more  than  three  (3)  per  cent  of 
ash. 

(c)  Caitoy. 

Definition. 

1.  Candy  is  a  product  prepared  from  a  saccharine  substance  or  substances,  with  or 
without  the  addition  of  harmless  coloring,  flavoring,  or  filling  materials. 

Standard. 

Standard  candy  is  candy  containing  no  terra  alba,  barytes,  talc,  chrome  yellow, 
or  other  mineral  substances  or  poisonous  colors  or  fiavors  or  other  ingredients 
injurious  to  health. 

(d)  Honey. 

(Schedule  in  preparation. ) 

D.    CONDIMENTS   (SXCKPT  VINBGAB). 

(a)  Spicbb. 

General  Definition. 

1.  Spices  are  aromatic  vegetable  substances  used  for  the  seasoning  of  food. 

General  Standard. 

Standard  spices  are  sound  spices,  true  to  name,  from  which  no  portion  of  any  vola- 
tile oil  or  other  fiavoring  principle  has  been  removed. 

Definition. 

2.  Allspice  or  pimento  is  the  dried  fruit  of  Pimenta  officinalis  Lindl. 

Standard. 

Standard  allspice  is  allspice  containing  not  less  than  eight  (8)  per  cent  of  qner- 
Jtannic  acid; «  not  more  than  six  (6)  per  cent  of  total  ash;  not  more  than  five-tenths 
(0.5)  per  cent  of  ash  insoluble  in  nydrochloric  acid,  and  not  more  than  twenty-five 


«  Calculated  from  the  total  oxygen  absorbed  by  the  aqueous  extract 
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I)e/inUum8, 

8.  Anise  is  the  fruit  of  PimpineUa  anisum  L. 

4.  Bay  leaf  is  the  dried  leaves  of  Lauras  nobilis  L. 

5.  Capers  are  the  flower  buds  of  Oapparis  spinosa  L. 

6.  Caraway  is  the  fruit  of  Carum  carvi  L. 

Gayknick  ANn  Red  Peppers. 

7.  Red  pepper  is  the  red,  dried,  ripe  fruit  of  any  species  of  Capsicum, 

8.  Cayenne  pepper  or  cayenne  is  tne  dried,  ripe  fruit  of  Capsicum  fasligiaium  DC, 
Capsicum  frutescens  L.,  Capsicum  ba^ccalum  L.,  or  some  other  small-miited  spSecies  of 
Capsicum, 

Standard, 

Standard  cayenne  pepper  is  cayenne  pepper  containing  not  less  than  fifteen  (15)  per 
cent  of  nonvolatile  ether  extract;  not  more  than  six  and  five-tenths  (6.5)  per  cent  of 
total  ash;  not  more  than  five-tenths  (0.5)  per  cent  of  ash  insoluble  in  hydrochloric 
acid;  not  more  than  one  and  five-tenths  (1.5)  per  cent  of  starch  by  the  diastase 
method,  and  not  more  than  twenty-eight  (28)  per  cent  of  crude  fiber. 

Definitions, 

9.  Celery  seed  is  the  dried  seed  of  Apium  graveolens  L. 

10.  Cinnamon  is  the  dried  bark  of  any  species  of  the  senus  Cinruimomum  from 
^hich  the  outer  layers  may  or  may  not  have  been  removea. 

11.  True  cinnamon  is  the  dried  inner  bark  of  Cinnamomum  zeylanicum  Breyne. 

12.  Cassia  is  the  dried  bark  of  various  species  of  Cinnamomum^  other  than  Cinna- 
momum zeylanicum^  from  which  the  outer  layers  may  or  may  not  have  been  removed. 

13.  Cassia  buds  are  the  dried  immature  fruit  of  species  of  Cinnamomum. 

14.  Ground  cinnamon  or  ground  cassia  is  a  powder  consisting  of  cinnamon,  cassia,  or 
cassia  buds,  or  a  mixture  of  these  spices. 

Standard, 

Standard  cinnamon  or  cassia  is  cinnamon  or  cassia  containing  not  more  than  eight 
(8)  per  cent  of  total  ash  and  not  more  than  two  (2)  per  cent  of  sand. 

Definition, 

15.  Cloves  are  the  dried  fiower  buds  of  Eugenia  caryophyllata  Thunb.  (Oaryo- 
phyUus  aromalicus  L.)  which  contain  not  more  than  fivo  (5)  per  cent  of  clove  stems. 

Standard. 

Standard  cloves  are  cloves  containing  not  less  than  ten  (10)  ])er  cent  of  volatile 
ether  extract;  not  less  than  twelve  (12)  per  cent  of  querdtannic  acid;«  not  more 
than  eight  (8)  per  cent  of  total  ash;  not  more  than  five-tenths  (0.5)  per  cent  of  ash 
insoluble  in  hydrochloric  acid,  and  not  more  than  ten  (10)  per  cent  of  crude  fiber. 

Definitions. 

16.  Coriander  is  the  dried  fruit  of  Coriandrum  sativum  L. 

17.  Cumin  seed  is  the  fruit  of  Cuminum  cyminum  L. 

18.  Dill  seed  is  the  fruit  of  Peucedanum  graveolens  Benth.  &  Hook. 

19.  Fennel  is  the  fruit  of  Foeniculum  vulgare  Gaertn. 

20.  Ginger  is  the  washed  and  dried,  or  decorticated  and  dried,  rhizome  of  Zingiber 
officinale  Koscoe. 

Standard. 

Standard  ginger  is  ground  or  whole  ginger  containing  not  less  than  forty-two  (42) 
per  cent  of  starch  by  the  diastase  meth(3  nor  less  than  forty-six  (46)  percent  by 
direct  inversion, &  not  more  than  eight  (8)  per  cent  of  crude  fiber,  not  more  than 
eight  (8)  per  cent  of  total  ash,  not  more  than  one  (1)  per  cent  of  lime,  and  not  more 
than  three  (3)  per  cent  of  ash  insoluble  in  hydrochloric  acid. 

« Calculated  from  the  total  oxy^n  absorbed  by  the  aqueous  extract. 
*  Copper-reducing  matters  by  direct  inversion  calculated,  as  starch. 


Digitized  by 


Google 


187 

Definition. 

21.  Limed  or  bleached  ginger  is  whole  ginger  coated  with  carbonate  of  lime. 

Standard. 

Standard  limed  or  bleached  ginger  is  limed  or  bleached  ginger  containing  not  more 
than  ten  (10]  per  cent  of  ash,  not  more  than  four  (4)  per  cent  of  carbonate  of  lime, 
and  cohformmg  in  other  respects  to  standard  ginger. 

Definition. 

22.  Horse-radish  is  the  root  of  CocMearia  armoracia  L. 

Standard. 
Standard  grated  or  ground  horse-radish  may  be  mixed  with  vinegar. 

Definition. 

23.  Mace  is  the  dried  arillus  of  Myristica  fragrans  Houttuyn. 

Standard. 

Standard  mace  is  mace  containing  not  less  than  twenty  (20)  nor  more  than  thirty 
(30)  per  cent  of  nonvolatile  ether  extract,  not  more  than  three  (3)  per  cent  of  total 
ash,  not  more  than  five-tenths  (0.5)  per  cent  of  ash  insoluble  in  hydrochloric  acid, 
and  not  more  than  ten  (10)  per  cent  of  crude  fiber. 

Definiiions. 

24.  Macas9ar  or  Papua  mace  is  the  dried  arillus  of  Myristica  argentea  Warb. 

25.  Bombay  mace  is  the  dried  arillus  of  Myristica  malabarica  Lamarck. 

26.  Marjoram  is  the  leaves,  flowers,  and  branches  of  Origanum  majorana  L. 

27.  Mustard  seed  is  the  seed  of  Sinapis  alba  L.  (white  mustard),  Brassica  nigra 
Koch  (black  mustard),  or  Brassica  juncea  Coss.  (black  or  brown  mustard). 

28.  Ground  mustard  is  a  powder  made  from  mustard  seed,  with  or  without  the 
removal  of  the  bulls  and  a  portion  of  the  fixed  oil. 

Standard. 

8i4xndard  ground  mustard  is  mustard  containing  not  more  than  two  and  five-tenths 
(2.5)  per  cent  of  starch  by  the  diastase  method  and  not  more  than  eight  (8)  per 
cent  of  total  ash. 

Definition. 

29.  Nutmeg  is  the  dried  seed  of  Myristica  fragrans  Houttuyn,  deprived  of  its  testa 
and  with  or  without  a  thin  coating  of  lime. 

Standard. 

Standard  nutmegs^  ground  or  unground,  are  nutmegs  containing  not  less  than 
twenty-five  (25)  per  cent  of  nonvolatile  ether  extract;  not  more  than  five  (5)  per 
cent  of  total  ash;  not  more  than  five-tenths  (0.5)  per  cent  of  ash  insoluble  in  hydro- 
chloric acid,  and  not  more  than  ten  (10)  per  cent  of  crude  fiber. 

DefinitioTis. 

30.  Macassar,  Papua,  male,  or  long  nutmeg  is  the  dried  seed  of  Myristica  argentea 
Warb.,  deprived  ot  its  testa. 

31.  Paprica  is  the  dried  ripe  fruit  of  Capsicum  annuum  L.,  Capsicum  Umgum  DC., 
or  some  other  lai^e-fruited  species  of  Capsicum, 
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32.  Black  pepper  is  the  dried  immature  berries  of  Piper  nigrum  L. 

Standard. 

Standard  black  pepper  is  black  pepper  free  from  added  pepi)er  shells,  pepper  dust, 
and  other  pepper  by-products,  and  containing  not  less  than  six  (6)  per  cent  of  non- 
volatile ether  extract;  not  less  than  twenty-two  (22)  per  cent  of  starch  hj  the 
diastase  method;  not  less  than  twenty-eight  (28)  per  cent  of  starch  by  direct  myer- 
sion;^  not  more  than  seven  (7^  per  cent  of  total  ash;  not  more  than  two  (2)  per 
cent  of  ash  insoluble  in  hydrocnloric  acid,  and  not  more  than  fifteen  (16)  pier  cent 
of  crude  fiber.  One  hundred  parts  of  the  nonvolatile  ether  extract  contain  not  less 
than  three  and  one-fourth  (3.25)  parts  of  nitrogen. 

DefiniHofu. 

33.  Lonp  pepper  is  the  dried  fruit  of  Piper  longum  L. 

34.  While  pepper  is  the  dried  mature  berries  of  Piper  nigrum  L.,  from  which  die 
outer  coating,  or  the  outer  and  inner  coatings,  have  beien  removed. 

Standard. 

Standard  white  pepper  is  white  pepper  containing  not  lesa  than  six  (6)  per 
cent  of  nonvolatile  ether  extract;  not  less  than  fifty-three  (53)  per  cent  ot  starch 
by  the  diastase  method;  not  less  than  forty  (40)  per  cent  of  starch  by  direct 
inversion; a  not  more  than  four  (4)  per  cent  of  total  ash;  not  more  than  five- 
tenths  (0.5)  per  cent  of  ash  insoluble  in  hydrochloric  acid,  and  not  more  than  five 
(5)  per  cent  of  crude  fiber.  One  hundred  parts  of  the  nonvolatile  ether  extract  con- 
tam  not  less  than  four  (4)  parts  of  nitrogen. 

Definitions. 

35.  Saffron  is  the  dried  stigmas  of  Crocus  sativus  L. 

36.  Sage  is  the  leaves  of  Salvia  ojfficinaHs  L. 

37.  Savory,  or  summer  savory,  is  the  leaves,  blossoms,  and  branches  of  Satureia 
hortensis  L. 

38.  Thyme  is  the  leaves  and  ends  of  blooming  branches  of  Thymus  vulgaris  L. 

(6)  Fruit  Extracts. 
(Schedule  in  preparation.) 

(c)  Salad  Oiub. 
(Schedule  in  preparation.) 

(d)  Salt. 
(Schedule  in  preparation.) 

B.   BBVEBAOES   (aND  VINBOAB). 
(o)  Tea. 

(Schedule  in  preparation.) 

(6)  Coffee. 
(Schedule  in  preparation. ) 

(C)  COOOA  AND  CkX»A  PRODUCTS. 

Definitions. 

1.  Cocoa  beans  are  the  seeds  of  the  cacao  tree,  Theobroma  cacao  L. 

2.  Cocoa  nibs,  or  cracked  cocoa  is  the  roasted,  broken  cocoa  bean  freed  from  its 
shell  or  husk. 

3.  Chocolate,  plain  or  bitter,  chocolate  liquor,  is  the  solid  or  plastic  mass  obtained  by 
grinding  cocoa  nibs  without  the  removal  of  fat  or  other  constituents  except  the 
germ. 

<>  Copper-reducing  matters  by  direct  inversion  calculated  as  starch. 
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Standard. 

Standard  chocolate  is  chocolate  oontaininK  not  more  than  three  (3)  per  cent  of  ash 
insoluble  in  water,  three  and  fifty-hundredths  (3.50)  per  cent  of  crude  fiber  and 
nine  (9)  per  cent  of  starch  nor  lees  than  forty-five  (45)  per  cent  of  cocoa  fat. 

DefimUon, 

4.  Sweet  chocolate  and  chocolate  coatings  are  plain  chocolate  mixed  with  suf^ar 
(sucrose),  with  or  without  the  addition  of  cocoa  butter,  spices,  or  other  flavormg 
materials. 

Standard. 

Standard  sweet  chocolate  and  standard  chocolate  coating  are  sweet  chocolate  and 
chocolate  coating  containing  in  the  sugar-  and  fat-free  residue  no  higher  percent- 
ace  of  either  ash,  fiber,  or  starch  than  is  found  in  the  sugar-  and  fat-free  residue 
of  plain  chocolate. 

Definiiion. 

5.  Cocoa  or  powdered  cocoa  is  cocoa  nibs,  with  or  without  the  germ,  deprived  of  a 
portion  of  its  fat  and  finely  pulverized. 

Standard. 

Standard  cocoa  is  cocoa  containing  percentages  of  ash,  crude  fiber,  and  starch  cor- 
responding to  those  in  chocolate  after  correction  for  fat  removed. 

DefinUion. 

6.  Sweet  or  sweetened  cocoa  is  cocoa  mixed  with  sugar  (sucrose) . 

Standard. 

Standard  sweet  cocoa  is  sweet  cocoa  containing  not  more  than  sixty  (60)  per  cent 
of  sugar  (sucrose)  and  in  the  susar-  and  fat-tree  residue  no  higher  percentage  of 
either  ash,  crude  fiber,  or  starch  than  is  found  in  the  sugar-  and  fat-free  residue  of 
plain  chocolate. 

(d)  Fkuit  Juices— Frsbh,  Sweet,  and  Febmsnted. 

(In  preparation. ) 

(c)  Vinegar. 

(In  preparation.) 

if)  Mead,  Root  Beer,  etc. 

(g)  Malt  Liquors. 

(In  preparation.) 

{h)  Spirituous  Liquors. 

(In  preparation.) 

(i)  Carbonated  Waters,  Etc. 

III.  Preservatives  and  Coloring  Matters. 
(In  preparation.) 

The  President.  What  disposition  will  the  association  make  of  this 
report? 

Mr.  WiLET.  As  Congress  has  authorized  the  Secretary  of  Agricul- 
ture to  proclaim  and  establish  standards  of  purity  for  food  products 
for  the  whole  country  and  you  have  conmiissioned  this  committee  to 
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prepare  them,  it  would  seem  to  be  entirely  sufficient  to  receive  the- 
report  and  await  the  actioa  of  the  Secretary.  I  might  say  that  the 
Secretary  of  Agriculture  has  followed  the  work  of  the  committee  in 
its  progress  and  is  ready  to  affix  his  signature  to  the  proclamation, 
now  in  the  process  of  engrossing,  which  will  make  these  the  official 
standards  of  the  Urited  States. 

Upon  motion  the  report  of  the  committee  was  received. 

Mr.  Wiley.  We  have  with  us  a  committee  of  the  American  Chemi- 
cal Society  on  the  purity  of  reagents,  which  is  considering  matters  of- 
great  importance  to  this  association.  I  move  that  Mr.  Hillebrand, 
the  chairman  of  this  committee,  be  invited  to  make  a  statement  in 
regard  to  this  work. 

ADDBEBB  OP  W.  F.  Hn.T.EBKATO,  AMESIOAN  OEEHIOAL  BOOIETT. 

I  would  make  one  correction  in  Mr.  Wiley' s  statement.  President  Long  is  ex  officio 
chairman  of  this  committee  and  I,  as  secretary,  have  been  delegated  to  present  to 
you  the  object  of  this  committee — what  we  desire  to  accomplish  and  what  we  ask 
of  you. 

The  committee  was  appointed  nearly  a  year  ago  at  the  meeting  of  the  American 
Chemical  Society  in  this  city,  having  in  view  the  extreme  importance  to  chemists  of 
obtaining  a  better  quality  of  chemical  reagents  than  is  now  generally  to  be  had.  It 
is  unnecessary  probably  to  dwell  upon  the  importance  of  this  matter  to  a  body  con- 
stituted as  this  one  is.  The  committee  has  found  it  difficult  by  correspondence  to 
obtain  a  fair  exchange  of  views,  and  therefore  a  meeting  was  called  to  be  held  in 
this  city  and  it  has  been  in  session  during  yesterday  and  this  forenoon.  The  com- 
mittee consists  of  President  Long  as  chairman,  with  Messrs.  Baskerville,  Dennis,  Tal- 
bot, and  myself  as  fellow-members.  With  this  committee  by  invitation  sat  Messrs. 
Noyes,  chief  chemist,  and  H.  N.  Stokes,  chemist,  of  the  National  Bureau  of  Stand- 
ards. There  ensued  at  the  start  a  lengthy  discussion  as  to  the  manner  in  which  the 
cooperation  of  the  National  Bureau  of  Standards  might  be  made  effective.  The  propo- 
sition which  eventually  met  with  favor  was  to  the  following  effect: 

A  set  of  specifications  and  tests  for  chemicals  in  different  grades  having  been  pre- 
pared and  distributed,  it  is  hoped  that  chemists  will  genendl^  make  acceptance  of 
their  purchases  conditional  upon  their  coming  up  to  the  specifications  as  to  purity 
set  forth  in  the  contract  or  order.  Dealers  or  manufacturers  will,  it  is  hoped,  make 
use  of  a  special  label,  to  be  attached  to  the  original  package,  which  shall  oe  a  guar- 
anty that  the  contents  come  up  to  the  requirements  of  the  published  list  for  any  par- 
ticular grade.  If  the  purchaser  finds  that  the  quality  implied  by  the  label  has  not 
been  supplied,  he  may  request  the  National  Bureau  of  Standards  to  confirm  or  refute 
his  judginent  by  an  analysis  made  upon  the  contents  of  an  unopened  original  pack- 
age forming  part  of  his  purchase.  The  certificate  of  the  Bureau  of  Standards  will 
then  be  just  ground  for  re^ectine  the  shipment  in  case  the  quality  is  inferior  to  that 
guaranteed.  The  furnishing  of  reagents  of  extraordinary  purity  must  be  a  matter 
for  special  agreement  between  the  purchaser  and  dealer  or  manufacturer.  The 
latter  may,  if  he  desires,  have  a  large  importation  or  supplv  otherwise  obtained, 
sampled  and  bottled  by  an  agent  of  the  Bureau,  who  shall  then  take  a  sample  or 
samples  for  official  tests.  If  the  results  of  the  tests  are  satis&ctory  the  bottles  shall 
be  provided  with  an  official  seal  of  the  Bureau,  bearing  the  date  and  something  to 
indicate  the  particular  grade  of  chemical  as  listed  in  the  published  document  alr^y 
alluded  to.  This  list  of  tests  and  specifications  shidl  be  prepared,  presumably, 
under  the  direction  of  this  committee,  and  shall  be  issued  only  with  the  approval 
of  and,  if  possible,  under  the  auspices  of  the  National  Bureau  of  Standards.  It  is 
exnected  tnat  a  fee  will  be  charged  for  examinations  made  by  the  Bureau. 

On  the  basis  of  Krauch's  book;  Priifung  chemischer  Beagentien,  a  provisional 
list  of  thoee  chemicals  which  should  be  considered  at  the  start  has  been  prepared, 
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it  being  the  prevailing  sentiment  that  the  compilation  of  epecifications  and  tests 
should  not  be  a  duplication  of  the  above  work,  but  should  be  one  made  independently 
with  special  regard  to  the  needs  of  chemists  in  this  country  and  that  it  should  he 
prepared  in  less  detail. 

This  is  a  very  simple  outline  of  our  aims.  We  desire  to  improve  the  standard  of 
chemicals  furnished  chemists  in  this  country.  We  realize  that  this  can  not  be 
brought  about  immediately.  It  is  a  work  involving  a  great  deal  of  labor  and  a  great 
deal  of  correspondence,  and  one  which  demands  the  cooperation  of  chemists  in  all 
lines  of  chemical  work  throughout  the  country.  The  details  of  the  scheme  are,  of 
course,  yet  to  be  worked  out.  The  first  step  is  to  prepare  a  list  of  the  specifications, 
tests,  and  chemicals  that  shall  be  included  in  this.  It  has  been  thought  that  at  the 
start  it  would  not  be  wise  to  reduplicate  Krauch's  large  book  with  all  the  chemicals 
there  listed  and  the  details  therein  given;  but  to  prepare  a  list  which  shall  meet  the 
principal  needs  of  the  chemists  of  this  country.  And  therefore  a  provisional  list  of 
chemicals  has  been  made  out,  which  is  subject  to  revision  or  addition,  and  this  list 
has  been  subdivided  among  the  members  of  the  committee,  who  are  requested  to 
correspond  with  experts  throughout  the  country  and  with  dealers  in  this  country 
and  abroad  to  fiiid  out  what  grades  of  chemicals  shall  be  specified  and  to  what 
degree  of  purity  each  grade  must  conform.  This  is  a  work  involving  a  great  deal  of 
labor  and  it  will  take  several  years  to  accomplish  it  entirely.  It  is  a  thing  which 
must  begin  in  a  small  way  and  gradually  expand. 

It  is  earnestly  hoped  that  this  association  will  appoint  a  committee  to  cooperate 
with  the  committee  -of  the  American  Chemical  Society,  the  Association  of  Official 
Agricultural  Chemists*  committee  having  as  its  work  (1)  the  specification  of  those 
chemicals  which  are  used  particularly  in  its  work;  (2)  the  tests  of  these  reagents  in 
their  different  grades^^if  more  than  one  grade  is  used;  (3)  the  requirements  that 
these  reagents  must  meet  in  order  to  satisfy  the  demands;  and  (4)  that  your  com- 
mittee will  report  results  of  its  deliberations  to  our  committee,  so  that  we  may 
use  your  results  in  furthering  the  aims  of  this  work.     [Applause.] 

The  President.  I  feel  sure  that  the  association  will  do  all  it  can  to 
further  this  work  and  perhaps  some  action  will  be  taken  before  our 
adjournment. 

Proceeding  with  the  order  of  business,  the  next  report  is  that  on  ash. 
Mr.  Fraps,  the  referee,  is  not  present  but  his  report  will  be  presented 
by  the  secretary. 

BEFOBT  ON  ASH. 
By  G.  S.  FRAPS,  Referee. 

The  referee  accepted  the  position  with  some  reluctance  last  spring,  upon  the  resig- 
nation of  Mr.  E.  G.  Rnnyan,  the  original  appointee,  since  he  had  served  in  this 
capacity  twice  before.  Various  changes  during  the  year  have  interfered  with  the 
work  and  it  is  regretted  that  there  is  not  more  to  report  at  this  meeting. 

The  work  for  the  year  was  confined  to  a  study  of  methods  for  the  determination 
of  sulphur  and  sulphates.  About  seven  chemists  having  signified  their  willingness 
to  take  part  in  the  work,  samples  were  prepared  and  sent  out  with  the  following 
directions: 

DiBBCTIONS  FOR  WORK. 

The  samples  consist  of  cowpeas  and  cotton-seed  meal  for  the  total  sulphur  deter- 
mination, and  sorghum  for  the  sulphate  work.  Mix  each  sample  thoroughly  before 
analysis.  Make  at  least  two  determinations  by  each  methoa.  In  reporting  give 
weights  of  precipitates,  per  cent  of  sulphur  (SO,)  on  samples  as  received  and  on  dry 
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matter.    Pleaae  report  results  as  early  as  possible,  and  give  the  referee  the  benefit  of 
your  suggestions  in  r^ard  to  the  work. 

Compare  the  two  following  methods  for  total  sulphur,  using  the  cotton-seed  meal 
and  cowpeas: 

BULPHUB. 

Method  I. — Place  5  grams  material  in  a  2^inch  porcelain  evaporating  dish,  add 
20  cc  concentrated  nitric  acid,  and  heat  the  mixture  cautiously  on  the  water  bath 
until  all  danger  of  overflowing  has  passed.  Then  evaporate  almost  to  dryness,  add 
10  cc  of  a  5  per  cent  solution  of  potassium  nitrate,  evaporate  to  complete  dryness, 
and  ignite,  at  first  gently,  then  more  vigorously,  until  the  residue  is  white.  The 
residue  is  then  dissolved  m  hydrochloric  acid  and  evaporated  to  dryness,  and  heated 
for  some  time  in  an  air  bath  to  render  siUca  insoluble.  Take  up  m  water  with  the 
addition  of  a  little  hvdrochloric  acid,  filter  to  150  cc  or  more,  precipitate  the  sul- 
phuric acid  with  a  solution  of  1  mm  barium  chlorid,  and  complete  tne  determina- 
tion in  the  usual  way.    Make  a  blank  test  with  the  reagents. 

Method  II. — Fifteen  grams  of  sodium  peroxid  are  weighed  and  most  of  it  introduced 
at  once  into  a  silver  or  nickel  crucible  and  converted  into  hydroxid  by  adding  a  little 
water  and  boiling,  preferablv  over  an  alcohol  lamp,  until  the  excess  of  water  is 
expelled.  The  hydroxid  is  allowed  to  cool  until  pasty,  when  2  grams  of  the  material 
is  stirred  in  it  as  quickly  as  possible.  The  heat  is  then  raised  and  the  remainder  of 
the  peroxid  added  in  small  portions  to  complete  the  oxidation.  The  fused  mass, 
after  cooling,  is  dissolved  in  water,  neutralized  with  hydrochloric  acid,  evaporated  to 
dryness,  and  heated  in  an  air  bath  for  some  time  to  render  silica  insoluble.  The 
residue  is  then  taken  up  in  water,  with  the  addition  of  a  little  h}rdrochloric  acid, 
filtered  and  washed  to  about  400  cc,  and  the  sulphuric  acid  precipitated  as  before. 
Make  a  blank  test  with  the  reagents. 

SULPHATES. 

Determine  the  sulphates  in  the  sample  of  soi]ghum  by  the  following  method: 
Five  grams  of  substance  are  mixed  well  with  50  cc  of  a  1  per  cent  solution  of 
hydrochloric  acid,  allowed  to  stand  half  an  hour,  filtered,  and  washed  with  the  dilute 
acid  to  250  cc  or  more.    The  liquid  is  heated  to  boiling,  barium  chlorid  added,  and 
the  determination  completed  in  the  usual  way. 

MOISTUSE. 

The  results  on  moisture  are  stated  as  a  matter  of  record. 
Table  I. — Moisture  determinations. 


Anal>^t. 


F.  P.  Veltch,  Washington,  D.  C 

Frank  T.  Shntt,  Ottawa,  Canada 

R.  W.  Thatcher,  Washington  (State) . 

W.  Q.  Morrison,  North  Carolina 

Q,  S.  Frape,  Texas 


No.  1.  Cot- 1      ^.  „ 


Percent. 
6.98 


Per  cent. 
8.55 


5.90  8.43 

6.00  I  8.32 

6.85  7.90 

5.20  7.74 

6.28  I  8.59 

5.89  8.28 


No.  3. 
Sorghum. 


Per  cent. 
7.75 
7.14 
7.21 
6.36 
6.20 


REMARKS  OF  ANALYSTS. 

R,  W.  Thatcher. — Moisture  was  determined  by  drying  seven  hours  in  a  boiling- 
water  oven.  It  is  my  practice  to  dry  in  hydrogen,  but  appliances  for  this  work  were 
not  available  at  the  time  this  work  was  done. 

G.  S,  Fraps. — The  moisture  determinations  were  made  by  drying  eight  hours  on  a 
watch  glass  at  100^  C.  It  is  my  observation  that  drying  five  hours  in  a  current  of 
hydrogen  gives  usually  bj^her  resulta  than  by  drying  on  a  watch  glass. 


Digitized  by 


Google 


193 


Total  Sulphur. 

The  percentages  of  sulphur  obtained  by  the  methods  to  \ye  compared  are  presented 
in  the  following  table: 

Table  II. — Det^nniivatian  of  mdphur  as  SO^. 


AimlyBt. 


F.  P.  Veitch,  Wa«hiiiarton,  I).  C 
Frank  T.Shutt,  Ottawa,  Canada. 


R.  W.  Thatcher,  Washington  (State)  . 

W.  G.  MorriHon,  North  Carolina 

G.  8.  Fraps,  TexaM 


Average  of  all  determinations. 


Cowpeas. 


Cotton-seed  meal. 


Nitric- 
acid 
method. 


Peroxid 
method. 


Nitric- 
acid 
method. 


Perct. 
0.466 
.490 
.500 
.871 
.379 


Per  ci.       Per  ct. 
0.5S9  I        1.071 
1.115 


I 


.683 


.524 
.532 

.466  I 


.544 


1.098 
.944 


.501  I        1.120 
.515    


Peroxid 
method. 


PercL 
1.133 


1.170 
1.013 
1.129 
1.290 


1.135 


KEMARKH   OK    ANALYSTS. 

F.  P.  Veitch. — The  nitric-acid  method  has  given  in  my  hands  results  nearly  as 
high  as  the  peroxid  method.  The  method  was  modified  somewhat  with  a  view  to 
hastening  the  destruction  of  the  organic  matter.  Aftc^r  adding  potassium  nitrate 
and  burning  some  time  the  dish  was  cooled  and  a  few  cubic  centimeters  of  nitric 
acid  added,  dried  rapidly,  and  ignited  cautiously.  This  gave  a  perfectly  white  ash 
.ind  was  much  more  rapid  than  the  prescribed  procedure.  As  much  organic  matter 
remains  after  the  treatment  with  nitric  acid.  rei)eated  treatment  with  nitric  acid  or 
aqua  regia  might  give  higher  results. 

In  the  peroxid  method  the  silver  crucible  was  strongly  attacked  in  fusing  sample 
No.  1.  Some  silver  remained  in  solution  even  after  evaporation  and  filtration.  It 
was  partly  precipitated  by  dilution,  but  some  remained  in  solution  and  was  precipi- 
tated with  the  barium  sulphate,  which  was  purified  by  fusion  with  sodium  carbonate, 
washed  with  water,  dissolved  in  nitric  acid,  and  reprecipitated  with  sulphuric  acid. 
The  precipitate  in  sample  No.  2  was  not  contaminated  by  silver.  In  the  present 
form  I  regard  the  peroxid  method  as  the  more  accurate  of  the  two  methods.  The 
correction  for  the  sulphur  in  the  peroxid  was  subtracted  before  reporting  the  results. 

R.  W,  Thatcher. — I  attempted  to  make  the  estimations  of  sulphur  by  the  peroxid 
method,  but  only  succeeded  in  driving  everybody  out  of  my  end  of  the  building,  since 
our  hoods  are  not  yet  completed  sufficiently  to  carry  off  the  fumes.  The  method 
seems  to  me  to  be  a  very  undesirable  one.  In  the  first  place,  my  sodium  peroxid 
contains  sulphur,  and  it  is  almost  impossible  to  control  the  amount  of  sulphur  by 
blank  determinations  since  some  sputtering  of  the  material  when  water  is  first  added 
is  almost  unavoidable.  This  fact  along  with  the  extreme  difficulty  of  manipulation 
makes  the  method  a  very  unsatisfactory  one  in  my  opinion. 

W.  G.  Morrison. — The  peroxid  method  was  followed,  nickel  crucibles  being  used. 
The  action  was  violent  and  there  was  an  inclination  toward  spattering  when  sodium 
peroxid  was  added,  and  nickel  appears  every  time  in  the  filtrate  on  first  filtering. 

G.  S.  Praps. — In  the  peroxid  method  ii  nickel  or  silver  crucible  of  about  40  cc 
capacity  gives  more  satisfactory  results  than  a  silver  dish.     Nickel  is  preferable, 
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since  silver  was  dissolved  in  every  determination  made  by  the  writer.  The  silver 
chlorid  settled  out  when  the  liquid  was  diluted  and  allowed  to  stand,  and  it  then 
could  be  filtered  off.  If  the  organic  material  is  added  totlie  sodium  hydroxid  before 
the  water  has  been  completely  driven  off,  the  mixture  is  very  likely  to  foam  over, 
and  considerable  foaming  takes  place  in  any  event.  It  is  therefore  advisable  to  con- 
tinue heating  the  peroxid  for  a  few  minutes  after  the  water  has  apparently  been 
driven  off,  then  stir  the  organic  matter  in  quickly,  and  heat  cautiously  until  danjjer 
of  foaming  has  passeil. 

A  blank  determination  is  always  necessary,  even  with  chemically  pure  peroxitl. 
At  lis  best  the  fusion  metliod  is  very  slow.  It  is  possible  that  an  iron  crucible 
could  be  used  in  place  of  a  silver  or  nickel  one. 

CONCLUSIONS. 

There  is  no  doubt  in  the  mind  of  the  referee  that  the  nitric-acid  method  gives 
results  slightly  lower  than  the  peroxid  method.  It  is  possible  that  the  former 
may  Ihj  so  modified  as  to  give  higlier  results.  Owing  to  the  difiiculty  of  manipulat- 
ing the  peroxid  method  and  the  disinclination  of  some  chemists  to  work  with  it,  the 
referee  believes  that  it  should  be  subjected  to  further  study  before  adoption  as  a  pro- 
visional method  in  place  of  the  nitric-acid  method. 

Detekmin.\tion  of  Sulphates. 

The  referee  had  some  difiiculty  in  obtaining  a  sample  suitable  for  a  study  of  the 
method  of  determining  sulphates  in  plants.  None  of  the  materials  available  seemed 
to  contain  appreciable  (juantities  of  snlphate><.  The  referee  last  year  reported  on  the 
determination  of  sulphates  in  a  few  samples,  all  of  which  were  found  to  contain  an 
exceedingly  small  projwrtion  of  inorganic  sulphur.  Sorghum  and  teosinte  were 
examined  and  gave  no  visible  precipitate  of  barium  sulphate.  Cotton  seed  were 
caused  to  germinate,  but  the  germinated  seed  contained  only  0.0(>4  per  cent  of  sul- 
phates, and  this  method  of  preparing  the  samples  did  not  api)ear  promising. 

The  sample  for  analysis  was  prepared  as  follows:  One  gram  of  potassium  acid  sul- 
phate was  dissolved  in  100  cc  water,  mixed  thoroughly  with  200  grams  of  sorghum 
until  the  soi^hum  was  all  damp,  sifted,  dried,  and  again  sifted  several  times.  It 
is  believed  that  a  uniform  sample  was  obtained  by  this  method. 

The  method  for  sulphates  has  been  described.  It  is  the  method  describcil  in  the 
report  of  the  referee  last  year.  The  results  of  the  different  analysts  are  presented  in 
the  following  table: 

Ta  ble  III. — Deterrn ination  of  mdphates. 


Analyst.  I  Percent. 


F.  P.  Veitch,  Washington,  D.  C !  0.400 

Frank  T.  Shutt,  Ottawa .875 

.876 

R.  W.  Thatcher,  Washington  (State) ,  ,849 

.324 

G.  8.  Fraps,  Texas , .879 

.381 
.380 
.367 
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CONCLITRIONS. 

The  method  seems  to  give  fairly  satisfactory  results  in  the  hands  of  the  different 
analysts,  and  while  the  amount  of  sulphates  in  agricultural  products  seems  to  he,  in 
general,  very  small,  it  may  be  well  to  have  a  method  for  their  determination. 

Recom  m  end  ations. 

The  referee  makes  the  following  recommendations: 

(1)  That  the  method  for  the  determination  of  sulphates,  as  already  described,  be 
printed  as  a  provisional  method. 

(2)  That  the  peroxid  methodof  determining  sulphur  be  subjected  to  further  study, 
with  a  view  to  substituting  it  for  the  nitric  acid  method. 

The  President.  Is  there  any  aiscussion  of  the  paper  presented,  or 
of  the  subject  of  ash? 

Mr.  Shutt.  As  associate  referee,  I  tried  the  sodium  peroxid  method, 
and  wish  to  indorse  what  is  said  in  regard  to  the  unsuitabilit}-  of  that 
method  for  the  determination  of  sulphur.  It  is  disagreeable,  sloppy, 
and  incorrect,  and  it  does  not  seem  at  all  likely  that  we  shall  ever  be 
able  to  make  a  good  working  method  of  it.  I  scarcely  think  it  will  be 
of  anv  value  to  continue  this  investisjation.  The  whole  method  is  one 
that  seems  to  me  quite  unsuitable  for  good  and  accurate  work. 

Mr.  Patrick.  If  it  were  true  that  it  were  impossible  to  obtain 
sodium  peroxid  free  from  sulphur,  I  should  agree  with  the  view  that 
it  is  hardly  worth  while  to  continue  these  experiments;  but  we  have 
at  the  Bureau  of  Chemistr}^  quite  a  quantity  of  this  reagent  entirely 
free  from  sulphur,  and  we  are  doing  very  good  work  with  the  process. 
1  admit  all  that  has  been  said  concerning  the  troublesomeness  and  dis- 
agreeableness  of  the  method. 

The  President.  In  the  absence  of  the  referee  on  tannin  the  report 
on  insecticides  will  be  received. 

EEPOET  ON  INSEOTIOIDES  AND  PTJNGIOIDES. 
By  J.  K.  Haywood,  Referee. 

The  work  for  this  year  upon  insecticides  and  fungicides  consisted  of  the  testing  of 
various  methods  outlined  in  previous  years,  together  with  a  discussion  of  new  methods 
puhlished  since  the  last  report  of  the  referee. 

Samples  of  Paris  green,  London  purple,  copper  carbonate,  potassium  cyanid,  soda 
lye,  soap,  tobacco  extract,  and  formalin  were  forwarded  early  in  the  spring  to  those 
who  expressed  a  desire  to  cooperate  in  the  work.  The  methods  of  analysis  used 
were,  in  the  main,  the  same  as  those  of  last  year,  with  the  addition  of  such  changes 
as  previous  work  had  shown  to  be  advisable.  A  new  method  for  determining  formal- 
dehyde was  also  added,  and  the  gravimetric  hexa-methyl-tetramine  method,  which 
had  been  shown  to  be  practically  worthless,  was  dropped. 

Results  on  Paris  green  were  received  from  eight  chemists,  including  the  referee; 
on  London  purple  from  eight  chemists;  on  copper  carbonate  from  four  chemists;  on 
potassium  cyanid  from  four  chemists;  on  soda  lye  from  three  chemists;  on  tobacco 
extract  from  two  chemists;  and  on  formalin  from  three  chemists. 
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Paris  Green. 

Following  are  the  results  obtained  uix)n  Paris  green  and  the  comments  of  the 
various  analysts: 

Table  I. — Paris  green. 


Moist- 

Total arsenious 
oxid. 

Tota 

copper 

oxid. 

Soluble  arsen- 
ious oxid. 

» 

Analyst. 

ure. 
Pfrct, 

Meth- 
od I. 

Meth- 
od II. 

Meth- 
od I. 

Meth- 
od II. 

Elec- 
troly- 
tic. 

Meth-    Meth- 
od  I.   1  od  11, 

James  Emery,  Blochemic  Div.,  U. 

Pfcrrt. 

Perct. 

PercL 

PcrcL 

Perct. 

P(r  ct.  i  Per  ct. 

8.  Dept.  Agr 

1.00 

60.00 

53.30 

27.74 

80.67 

7.04  1 

* 

1.02 

60.20 

53.62 

26.93 

80.55 

O.U    

J.  M.  Price.  Biochemic  Div.,  U.  S. 

Dept.  AgT 

53.77 

27.53 

30.64 

7.06    

53.77 
53.00 

27.60 
29.38 

7.06   

7.09           7.88 

R.  W.  Thatcher,  Pullman,  Wash  ... 

.56 

60.04 

29.14 

.55 

59.96  1    55.65 

29.55 

29.25 

7.03  1        7.73 

H.  J.  Warner,  Bur.  of  Chem.,  U.  S. 

1 

Dept.  Agr 

60.15  '    55.44 

28.31 

28.61 

7.52  !        9.85 

60.25       55.69 

28.14 

28.77 



7.42          9.85 

R.  J.  Davidson  and  J.  B.  McBryde, 

Blacksburg,  Va  .  .*. 

.54 

63. 19 

28.84 

29.18 

28.78 

6.83          6.08 

.53 

5:^.64 

28.74 

29.10 

28.97 

6.82           5.97 

53.66 
53.53 

28.88 
28.87 
28.03 

29.26 

28.90 

.85 

A.  G.  Ford,  Stillwater,  Okla 

59.61 

58.39 

27.81 

7.21    

1.00 

59.86 

53.49 

28.03 

28.20 

7.60    

59.61       68.25 

28.28 

28.29 

7.21    

1.31 

59.67       53.25 
59.52    

28.03 
27.72 

' 

W.  P.  Allen,  New  Brunswick,  N.  J.. 

27.93 

7.16           8.29 

1.25 

59.58  1 

27.82 

27.98 

7.17           8.29 

27.  W 

28.08 
28.09 
28.21 
28.26 

7.27 

7.67 



1 

i 

J.   K.  Haywood,  Bur.    of    Chem., 

1 

U.S.  Dept.  Agr 

.70 

59. 9^1       54. 92 

28.24 

28.95 

28.63 

7.20           8.07 

.63 

59.87       .M.13 

1 

28.33 

29.04 

7.12  ;        8.81 

(X)MMENTH   BY    ANALYSTS. 

R,  W.  Thatcher. — In  Metliod  II  for  total  arsenious  oxid  I  stirred  for  some  time  in 
an  attempt  to  dissolve  all  the  free  arsenious  oxid  but  did  not  get  all  the  crystals  to 
dissolve,  however.  I  then  used  a  modification  suggested  by  Avery,  as  follows:  A 
weighed  sample  of  the  green  was  boiled  with  sodium  acetate  as  in  the  determination 
of  soluble  arsenic  by  his  method,  the  mixture  filtered  through  asbestos,  the  soluble 
arsenic  determined  in  the  filtrate  and  the  residue  on  the  asb«3tos  dissolved  in.  dilute 
hydrochloric  acid  and  titrated  according  to  the  A  very -Beans  method.  The  total 
arsenic  figures  determined  in  this  way  were  59.90  and  59.84  per  cent.  I  found  in 
Method  I  for  soluble  arsenic  that  as  the  weight  of  green  taken  varied,  the  soluble 
arsenic  varied  according  to  the  following  figures:  One  gram  of  green  gives  7.09  and 
7.03  per  cent  soluble  arsenious  oxid;  0.809  gram  green  gives  7.29  percent  solnble 
arsenious  oxid;  0.484  gram  green  gives  7.51  per  cent  soluble  arsenious  oxid. 
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iJ.  J.  Davidson  and  /.  B,  McBryde, — In  method  II  for  total  arsenious  oxid  varying 
results  were  obtained,  according  to  tlie  amount  of  hydrochloric  acid  added,  and  the 
time  of  stirring.  The  results  sent  in  by  us  were  obtained  by  using  1  cc  of  hydro- 
chloric acid  to  each  determination  and  stirring  frequently  for  10  minutes;  an  N/20 
iodin  solution  was  used. 

In  method  I  for  total  copper  oxid  the  results  were  obtained  by  using  3  grams  of 
potassium  iodid  to  each  determination.  With  only  ten  times  the  weight  of  copper, 
it  was  found  impossible  to  obtain  concordant  results.  An  N/20  thio  solution  was  used 
throughout. 

In  method  II  for  total  copper  oxid  N/10  potassium  cyanid  was  used. 

A.  G,  Ford. — In  method  II  for  total  arsenious  oxid  a  white  residue  remained, 
which  did  not  go  into  solution,  even  on  the  addition  of  15  drops  of  hydrochloric  acid 
and  24  hours'  standing.  I  therefore  filtered  off  the  solution  and  washed  the  residue 
with  cold  water;  placed  the  filter  paper  in  a  250  cc  flask  (along  with  blank  determi- 
nation), digested  10  minutes  with  25  cc  of  2  per  cent  sodium  hydrate,  added  25  cc 
of  hydrochloric  acid  and  3  grams  of  potassium  iodid  after  cooling  to  80°,  and  allowed 
to  stand  15  minutes;  diluted,  decolorized  with  thio  sulphate,  made  alkaline  with 
soda,  then  acid  with  hydrochloric  aeid,  and  finally  added  excess  of  sodium  bicar- 
bonate and  titrated  with  standard  i6din.  By  adding  the  figure  thus  obtained  to  the 
previous  figures  the  result  was  59.93  per  cent  arsenious  oxid. 

W.  P.  Allen. — In  method  II  for  total  copper  oxid  the  potassium  cyanid  solution 
must  be  added  very  slowly  or  more  will  be  used  than  is  necessary. 

/.  A".  Haywood. — Method  II  for  total  arsenious  oxid,  as  would  be  expected  from 
last  year's  work,  gave  low  results.  I  would  suggest  either  of  the  following  modifi- 
cations of  this  method ;  (a)  Pulverize  the  sample  and  weigh  out  about  0.3  to  0.4  grams 
in  a  beaker,  add  25  cc  of  water  and,  while  constantly  stirring,  add  concentrated  hydro- 
chloric acid  a  drop  at  a  time  until  all  Paris  green  is  in  solution  and  free  arsenious 
oxid  remains  as  a  residue.  Filter  and  wash  the  residue  and  determine  the  arsenious 
oxid  in  the  filtrate  according  to  the  regular  Avery-Bejms  method.  The  filter  and 
contents  are  washed  back  into  the  beaker,  5  grams  of  sodium  bicarbonate  added,  and 
the  solution  boiled  until  all  arsenious  oxid  has  dissolved.  The  resulting  solution  is 
cooled,  slightly  acidified  with  hydrochloric  acid,  and  made  alkaline  again  with 
sodium  bicarbonate  and  finally  titrated  with  iodin.  (6)  Take  0.4  gram  of  the  finely 
ground  green  and  boil  with  25  cc  of  sodium  acetate  (containing  12  grams)  for  10 
minutes.  Then  add  concentrated  hydrochloric  acid  a  drop  at  a  time  until  solution 
is  effected  (about  10  cc  of  the  acid  will  be  necessary).  Add  concentrated  sodium 
carbonate  solution  a  drop  at  a  time  until  a  sliglit  precipitate  appears,  then  add  a 
solution  containing  2  to  3  grams  of  sodium  potassium  tartrate  and  finally  sodium 
bicarbonate  in  excess.  Titrate  with  iodin  in  the  usual  manner.  By  method  (a) 
59.87  per  cent  of  total  arsenious  oxid  was  obtained  and  by  method  {h)  59.62  per  cent. 

Method  I  for  total  copi)er  oxid  appears  to  give  results  somewhat  lower  than  the 
truth  and  method  II  somewhat  higher  results. 

DISCUSSION   OF  THE  RESULTS. 

It  will  be  at  once  seen  that  method  I  for  total  arsenious  oxid  has  given  most 
excellent  results,  as  it  did  last  year.  Method  II  has  given  low  and  variable  results, 
as  was  also  to  be  expected  from  previous  work.  There  is  no  doubt  that  method  II 
would  prove  of  great  value  if  modified  to  include  free  arsenious' oxid.  Your  referee 
has  therefore  spent  some  time  working  upon  this  method  and  suggests  the  above 
modifications,  which  give  most  excellent  results.  Others  have  evidently  seen  the 
advisability  of  chan^ng  this  method,  as  in  the  comments  of  the  analysts  given  above 
two  other  modifications  are  suggested,  one  by  R.  W.  Thatcher  which  was  originally 
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snggeated  to  him  by  Mr.  Avery,  and  one  by  A.  G.  Ford.     Both  of  these  modifications 
evidently  give  good  results. 

Just  after  the  method  above,  marked  («),  was  sent  to  j)res8  your  referee  entered 
into  correspondence  with  Mr.  Avery,  one  of  the  originators  of  the  method,  and  found 
that  he  was  working  along  the  same  line  and  had  also  sent  a  modification  of  his 
method  to  the  i)ublisher8.  Mr.  Avery  was  kind  enough  to  forward  two  modifications 
that  he  had  worked  out.     They  are  as  follows: 

(c)  Weigh  out  a  small  quantity  of  the  finely  ground  green  and  treat  with  N/2 
hydrochloric  acid,  from  5  to  10  cc  for  each  0.1  gram  of  the  green  present  .Boil 
gently;  if  solution  is  not  effected  add  a  cold  saturated  solution  of  sodium  aeetat<^, 
usinj?  about  3  grams  for  each  0.1  gram  of  the  green,  and  boil  until  all  arsenious  oxid 
is  dissolved.  Now  add  alkaline  tartrate  and  solid  bicarbonate  and  after  dilution 
titrate  in  the  ordinary  way. 

{d)  Use  the  method  as  given  above  by  Mr.  Thatcher,  which  was  originally  sug- 
gested by  Mr.  Avery. 

Your  referee  tested  both  of  these  methods  and  found  that  they  gave  most  excel- 
lent results— 60.30  per  cent  by  the  former  and  60.04  per  cent  by  the  latter.  After 
receiving  the  two  methods  from  Mr.  Avery  the  referee  then  thought  of  the  other 
modifications  marked  (6)  above.  Since  the  modifications  proposed  by  Mr.  Avery 
were  of  great  value  to  him  in  working  out  method  (6),  he  feels  that  this  method  is 
really  a  joint  production  wuth  Mr.  Avery  rather  than  any  original  idea  of  his  own. 

It  will  thus  be  seen  that  four  modifications  are  given  above,  each  of  which  gives 
excellent  results.  The  one  to  be  used  would  best  be  determined  by  the  exigencies 
of  the  case. 

While  the  results  obtained  with  method  I  for  total  copper  oxid  by  any  one  analyst 
agree  with  each  other  very  well,  the  averages  of  the  results  obtained  by  different 
chemists  vary  quite  a  good  deal,  and  this  seems  to  be  true  also. for  method  II. 
Judging  from  all  the  results  there  appears  to  be  a  marked  tendency  in  the  direc- 
tion of  low  results  for  method  I  and  high  results  by  method  II.  There  are  a  few 
exceptions  to  this — one  in  the  case  of  Mr.  Thatcher,  who  obtains  higher  results  by 
method  I  than  by  method  II,  and  one  in  the  case  of  Mr.  Ford,  who  obtained  prac- 
tically the  same  figures  by  each  method.  Since  it  is  only  by  averages,  however, 
that  one  can  judge,  the  referee  is  inclined  to  believe  that  it  would  be  best  to  adopt 
the  electrolytic  as  the  official  method  and  allow  the  others  for  the  present  to 
remain  as  provisional,  to  be  uned  by  those  who  obtain  as  good  results  with  them  as 
with  the  electrolytic  njethod. 

A  comparison  of  the  figures  obtained  by  the  individual  analysts  and  the  averages 
given  by  the  various  cheIIli^^t^^  using  method  I  for  soluble  arsenious  oxid  shows  a 
fair  agreement  when  the  difficulty  of  separating  the  free  from  the  combined  arsenious 
oxid  is  considered.  The  results  obtained  by  method  II  for  soluble  arsenious  oxid 
are  in  the  main  higher  than  those  obtained  by  method  I.  This  is  what  would  be 
expected  from  previous  work.  The  agre(»ment  between  these  results  leaves  a  good 
deal  to  be  desired  and  plainly  shows  that  this  method,  which  at  the  best  is  only 
approximate,  must  be  carried  out  under  rigid  rules  in  order  to  get  reliable  results. 
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London  Purple. 
Table  II. — London  purple. 


Analyst. 

Moisture. 

Total 

arsenious 

oxid. 

Per  cent. 
12.61 
12. 6H 
12.98 
12.65 
12.63 
12.92 

Total 

arsenic 

oxid. 

Soluble 

arsenious 

oxid. 

Soluble 

arsenic 

oxid. 

iRTnos  Emcrv  Bi<x!heinic'  Div    U  S   Deot  Am* 

Percent. 

Per  cent. 
30.59 

Per  cent. 

Percent 

J  M  Price  Biochemic  Div..  U.  S.  Dent.  Afirr 

29.79 
29.78 
30.00 
30.19 

R  W.  Thatcher,  Pullman,  Wash 

0.95 
.93 

3.61 
3.61 
2.58 
2.58 
2.81 
2.48 
2.48 
2.48 
2.48 
3.04 
3.04 
1.62 
1.85 
1.97 
2.37 
2.61 
2.61 

9.37 

H  J  Warner  Bur  of  Chem..U.  S.  Dent.  Airr 

9.80 
6.67 

6.53 



1 

6.67 

R.  J.  Davidson  and  J.  B.  McBryde,  Blacksburg,  Va. 

2.12 
2.19 

12.77 
12.67 

29.68 
29.74 

6.66 
6.61 
6.72 

6.69 

A.  G.  Ford,  Stillwater,  Okla 

1.71 
1.71 
2.39 
2.41 

12. 72 
12.72 
11.62 
11.71 
11.76 
13.03 
13.03 

82.26 

4.62 

W.  P.  Allen  New  Brunswick,  N.  J 

31.66 
31.56 
31.56 
29.70 
29.70 

J.  K.  Haywood,  Bur.  of  Chem.,  U.  8.  Dept.  Agr 

2.M4 
2.26 

6.27 
6.67 
6.34 

' 

CX>MMENT8   BY   ANALYSTS. 

R.  J.  Davidson  and  J.  B.  McBryde. — In  making  all  iodin  titrations  N/20  iodin  waa 
used.  In  determining  the  total  arsenic  oxid  it  is  very  difficult  to  read  the  end  point 
with  thio-sulphate.  We  therefore  puggest  that  some  method  of  getting  rid  of  part  of 
the  coloring  matter  could  be  used  to  a^i vantage.  One  way  would  be  to  use  200  cc 
of  the  solution  and  proceed  as  under  total  arsenious  oxid  until  the  solution  is  filtered 
off,  then  acidify  a  portion  with  hydroc^hloric  acid  at  80°  and  proceed  as  under  arsenic 
oxid.  Another  way  would  be  to  use  100  cc  instead  of  50  cc,  as  under  total  arsenic 
oxid,  make  alkaline  with  swlium  carbonate  and  make  up  to  a  definite  volume.  Fil- 
ter off  half  of  the  solution,  acidify  with  hydrochloric  acid,  heat  to  80°,  and  proceed 
as  under  total  arsenic  oxid. 

A.  G.  Ford. — In  determining  total  and  soluble  arsenic  oxid  I  found  it  extremely 
difficult  to  read  the  end  reactions  with  thio-sulphate  and  iodin  within  a  range  of  0.3 
to  0.5  cc. 

DISCUSSION   OF  RESULTS. 

A  glance  at  column  2  shows  that  the  results  obtained  for  total  arsenious  oxid  in 
London  purple  agree  with  each  other  extremely  well,  with  possibly  one  exception. 

The  results  obtained  by  six  different  chemists  upon  total  arsenic  oxid  agree  very 
well  with  each  other,  while  two  chemists  obtained  high  results. 

Your  referee  is  loath  to  drop  this  method  of  examining  London  purple  since  it  is 
the  only  method  known  to  him  for  determining  both  forms  of  arsenic  in  this 
material,  and,  moreover,  the  figures  for  this  and  previous  years  show  that  a  majority 
of  the  chemists  using  it  get  very  reliable  results.  The  referee  also  knows  from  a 
personal  experience  of  two  or  three  years  that  when  one  is  familiar  with  the  method 
very  accurate  results  can  be  obtained.  It  is  of  course  difficult  to  read  the  end  points 
without  previous  experience,  therefore  any  modification  of  this  method  which 
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would  so  far  rid  the  solution  of  coloring  matter  as  to  make  the  readings  easy,  even 
for  the  inexperienced,  would  be  of  great  value.  Two  such  modifications  have  been 
suggested  by  Messrs.  Davidson  and  McBryde  in  their  comments  given  above.  The 
referee  is  therefore  of  the  opinion  that  no  better  work  could  be  performed  during 
the  coming  year  by  the  referee  on  insecticides  and  fungicides  than  a  testing  of  the 
modifications  given  by  Messrs.  Davidson  and  McBryde  and  such  other  modifications 
as  might  suggest  themselves. 

The  results  obtained  for  soluble  arsenious  oxid  by  four  chemists  agree  fairly  well 
with  each  other.  One  chemist  obtains  slightly  low  results  and  one  high  results. 
The  figures  for  soluble  arsenic  oxid  show  an  excellent  agreement  in  three  cases,  while 
in  the  other  two  cases  they  vary  considerably.  These  two  methods  of  examination 
also  can  only  lead  to  reliable  results  by  following  very  strict  rules  of  procedure,  just 
as  in  the  determination  of  crude  fiber.  It  has  been  the  experience  of  the  referee 
that  results  within  about  0.25  to  0.75  per  cent  of  each  other  (according  to  the  amount 
of  soluble  arsenious  and  arsenic  oxid  present)  can  be  obtained  by  these  two  methods, 
which  are  exact  enough  for  all  practical  purposes,  although  more  correct  figures  are 
greatly  to  be  desired  for  scientific  purposes.  It  might  be  well  for  someone  to  under- 
take work  to  determine  whether  a  shorter  time  of  standing  would  be  long  enough 
for  all  of  the  soluble  arsenious  and  arsenic  oxids  to  go  into  solution  and  w^hether 
more  concordant  results  would  not  be  obtained  by  a  shorter  period  of  standing. 

Copper  Carbonate. 
Table  III. — Copper  carbonate. 


Total  copper  oxid. 

Analyst. 

Method  I. 

Method  II. 

Electro- 
lytic 
method. 

H.  J.  Warner.  Bur.  of  Chem.,  U.  8.  Dept.  A^ '... 

Per  cent. 
59.50 
59.50 
59.12 
58.88 
58.67 
68.77 
68.06 
58.67 
58.11 
58.48 

Percent. 
59,25 
59.25 
68.42 
58.22 
58.71 
69.10 
58.71 
58.  S2 
59.67 
59.67 

Percent 

R.  J.  DavidsoD  and  J.  B.  McBryde,  Blacksburg,  Va 

58.81 

A.fl.  Ford,  Bt«"wftt^r,  Oklft 

J.  K.  Havwood,  Bur.  of  Chem.,  U.  8.  Dept.  Agr 

68.73 

COMHENIB  BY  AnaLY«1>;. 

B.  J.  Davidson  and  J,  B.  McBnjde. — In  method  I  N/20  thioHSuIphate  was  used,  but 
even  with  this  strength  a  difference  of  reading  of  0.05  cc  gave  a  difference  of  more 
than  0.2  per  cent  in  the  results.  In  method  II  N/10  potassium-cyanid  solution  was 
used,  but,  as  in  the  case  of  thio,  a  difference  of  0.1  cc  gave  a  difference  of  0.2  per 
cent  in  the  results. 

/.  K.  Haywood. — As  in  the  determination  of  total  copper  in  paris  green  I  obtained 
slightly  low  results  by  the  thio-sulphate  method  and  high  results  by  the  potassium- 
cyanid  method. 

DISCUSSION   OP  THE   RESULTS. 

A  discussion  of  these  figures  is  rather  difficult,  as  no  general  law,  such  as  was  shown 
by  the  figures  for  total  copper  in  Paris  green,  is  brought  out.    One  chemist  appears 
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to  get  slightly  high  results  by  both  methods,  one  to  get  high  results  by  method  I  and 
correct  results  by  method  II,  one  to  get  equally  correct  results  by  both  methods  and 
one  to  get  slightly  low  results  by  method  I  and  extremely  high  results  by  method 
II.  It  would  therefore  appear  that,  as  in  the  case  of  Paris  green,  it  would  be  best  to 
adopt  the  electrolytic  as  the  official  method  and  leave  the  other  two  methods  as  pro- 
visional, to  be  followed  or  not,  according  as  the  individual  chemist  deems  it  advisable 
upon  comparing  the  results  so  obtained  by  him  with  those  given  by  the  standard 
electrolytic  method.  •  From  the  remarks  of  Messrs.  Davidson  and  McBryde,  it  appears 
extremely  likely  that  a  greater  part  of  the  variation  in  the  above  figures  was  caused 
by  too  great  a  strength  of  the  standard  solution.  A  valuable  piece  of  work  would  be 
performed  if  the  referee  for  the  coming  year  could  work  out  just  what  the  factors  are 
causing  the  slight  variation  in  the  results  obtained  by  different  chemists. 

Potassium  Cyanid. 

Table  IV. — Potamum  cyanid. 


Analyst. 


James  Emery,  Blochemic  Div.,  U.  S.  Dept.  Agr , 

T.  M.  Price,  Biochemic  Div.,  U.  S.  Dept.  Agr 

H.  J.  Warner,  Bur.  of  Chem.,  U.  8.  Dept.  Agr , 

R.  J.  Davidson  and  J.  B.  McBryde,  Blackaburg,  Va. 

J.  K.^aywood,  Bur.  of  Chem.,  U.  8.  Dept.  Agr 


Volu- 
metric. 


Per  cent. 
39.42 
39.  S2 
39.32 
39.46 
39.0)0 
39.90 
39.78 
40.49 
40.49 
40.11 


ogen. 

Gravi- 
metric. 

Chlorln. 

Per  cent. 

^'ercent. 
8.83 

40.42 

8.98 

1 

COMMENT    BY    ANALYSTS. 

R.  J.  Davidson  and  J.  B.  yfcBryde. — Two  separate  portions  were  weighed  out  for 
analysis,  and  the  titrations  of  the  two  samples  agree  within  0.05  cc.  The  difference 
in  percentage  is  0.3  per  cent.  In  other  wonls,  one  drop  of  N/10  silver  solution  is  equal 
to  0.3  per  cent  potassium  cyanid.  Duplicate  titrations  with  N/10  iodin  gave  39.80  per 
cent  of  cyanogen. 

/.  K.  Haywood. — I  first  determined  the  cyanogen  according  to  directions.  This 
method  is  based  on  the  following  equation: 

2KCN-fAgN08=KCNAgCN-|-KNOs. 

In  other  words,  we  might  say  that  only  one-half  of  the  potassium  cyanid  is  titrated. 
I  then  added  potassium  chromate  and  continued  the  titration  until  the  appearance  of 
the  usual  brown  color  of  silver  chromate.  This  last  titration  not  only  gives  the  other 
half  of  the  cyanogen  according  to  the  equation  KCNAgCN-f  AgN0s=KN0s-f2  AgCN, 
but  gives  any  chlorin  that  may  be  present  as  silver  chlorid.  Therefore,  if  we  repre- 
sent the  number  of  cubic  centimeters  used  in  the  first  titration  by  M  and  the  number 
used  in  the  second  titration  by  N,  then  N— M=the  number  of  cubic  centimeters  used 
by  chlorin,  and  2  M  is  the  numljer  used  by  the  cyanogen  according  to  the  following 
equation: 

2KCN+2AgN03=2KN03+2AgCN. 

Having  thus  determined  the  chlorin,  the  total  amount  of  silver  chlorid  and  silver 
cyanid  was  determined  gravimetrically  and  from  this  was  subtracted  the  amount  of 
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silver  chloritl  corresponding  to  the  chlorin  figure,  thus  leaving  the  silver  oyanid,  from 
which  the  result  40.42  per  cent  of  cyanogen  was  obtained. 

DISCUSSION    OP  THE   RESULTS. 

The  referee  sent  out  this  sample  thinking  that  it  w^s  a  pure  sample  of  potassium 
cyanid,  but  found  out  soon  after  that  it  was  a  mixture  of  sodium  and  potassium  cyanids, 
sodium  chlorid,  and  other  ingredients  in  such  proportions  that  just  about  the  amount 
of  cyanogen  was  present  as  would  be  present  in  chemically  pu»e  potassium  cyanid. 
This  explains  the  chlorin  figures  given  by  both  the  referee  and  the  associate  referee. 
Of  course  the  presence  of  this  chlorin  would  not  interfere  in  any  way  with  the  volu- 
metric determination  of  the  cyanogen  present.  The  results  obtained  show  excellent 
agreement,  with  the  possible  exception  of  the  referee's  figures,  which  are  rather 
high.  This  is  undoubtedly  due  to  the  fact  that  the  referee  worked  upon  the  sample 
when  it  was  first  put  up,  while  the  other  chemists  worked  upon  it  some  months  later, 
when  the  cyanid,  which  is  very  hygroscopic,  had  gained  in  moisture.  On  account 
of  the  excellent  agreement  of  the  results  obtained  during  the  last  two  years'  work, 
and  also  because  the  gravimetric  determination  shows  that  the  volumetric  is  correct, 
it  would  seem  that  this  method  ought  to  be  adopted  as  one  of  the  official  methods, 
with  one  change,  however,  and  that  is,  an  N/20  instead  of  an  N/10  silver  nitrate 
solution  should  be  used. 

Soda  Lye. 

.ABLE  V. — Soda  lye. 


Sodium  hydroxld. 

Sodium  carbonate. 

Analyst. 

Method  1  Method 
I.      1      II. 

Method 
I. 

Method 
II. 

H.  J.  Warner,  Bnr.  of  Chem.,  U.  S.  Dept.  Agr 

Per  cent.   Per  cent. 
73.44          73.16 
73.44  '        73.16 
73.98  !        71.57 

Per  cent. 
4.47 
4.47 
3.91 
4.15 
4.20 
4.20 

Per  cent. 
4.60 

R.  J.  Davidson  and  J.  B.  McBrvde.  Blacksburg,  Va 

4.60 
6  53 

J.  K.  Haywood,  Bur.  of  Chem.,  U.  S.  Dept.  Agr 

73.58 
73.59 
73.59 

71.57 
72.87 
72.87 

4.96 
4.18 

4.18 

COMMENTS   BY    ANALYSTS. 

R.  J.  Davidson  and  J.  R.  McRryde. — Under  method  I  for  sodium  hydroxid,  tests 
were  made  with  the  portion  to  which  barium  chlorid  was  added,  in  order  to  deter- 
mine the  possibility  of  titrating  the  solution  without  removing  the  precipitate  of 
barium  carbonate.  As  soon  as  barium  chlorid  was  added  to  the  solution  samples 
were  drawn  off  and  titrated.  The  results  obtained  in  this  way  were  identical  with 
thos(;  obtained  from  decanted  and  filtered  samples.  Our  tests  go  to  show  that  the 
removal  of  the  barium  carbonate  from  the  solution  is  unnecessary. 

We  also  made  tests  to  determine  the  possibility' of  using  only  one  indicator  under 
method  1.  After  the  addition  of  V>arium  chlorid,  methyl  orange  gave  results  iden- 
tical with  those  obtained  when  using  phenolphthalein.  By  using  phenolphthalein  in 
boiling  solution  we  obtained  the  same  results  in  total  alkalies  as  when  using  methyl 
orange. 

DISCrSSION   OF  RESULTS. 

A  consideration  of  this  table  shows  that  all  of  the  chemists  obtained  closely  agreeing 
results  on  sodium  hydroxid,  and  very  fair  results  on  sodium  carbonate,  by  method  I. 
The  results  on  these  two  constituents  by  method  11  do  not  agree  nearly  so  well. 
Just  as  in  last  year's  work,  it  will  be  noted  that  all  of  the  analysts  obtained  higher 


Digitized  by 


Google 


203 

figures  for  sodium  hydrate  by  method  I  than  by  method  II,  and  lower  results  for 
sodium  carbonate  by  method  I  than  by  method  II.  Your  referee  gave  last  year  his 
reasons  for  believing  that  the  results  obtained  by  method  II  were  more  accurate  than 
those  obtained  by  method  I,  but  it  does  not  appear  from  either  year's  work  that 
method  II  is  as  easy  of  execution  as  method  I.  It  is  suggested  that  the  only  way  of 
telling  which  is  the  better  method  is  by  making  an  actual  gravimetric  determination 
of  the  carbon  dioxid  present.  This  should  be  done  during  the  coming  year,  so  that 
method  I,  which  now  appears  to  give  the  mast  concordant  results,  may  either  be 
adopted  as  an  official  method  or  rejected.  In  case  method  I  is  found  to  give  low 
results  on  so<lium  carbonate,  method  II  could  he  further  worked  upon  to  find  the 
cause  of  the  variations  in  results  by  different  chemists.  It  would  appear  from  the 
work  of  Messrs.  Davidson  and  McBryde  that  a  removal  of  the  precipitated  barium 
carbonate  in  method  I  is  not  necessary.  This,  if  true,  in  a  very  valuable  point,  in 
that  it  greatly  shortens  the  time  necessary  for  making  a  determination. 

Tobacco  Extract. 
Table  VI. — Tobacco  extract. 


Analyst. 


R.  J.  Davidson  and  J.  B.  McBryde,  Blacksburg,  Va  . 


J.  K.  Haywood,  Bur.  of  Chem.,  U.  S.  Dept.  Agr  . 


Nlcotln. 


COMMENTS   BY    ANALYSTS. 

R.  (i.  DaviiUon  and  J.  B.  McBryde. — In  method  II  the  substance  was  weighed  out 
in  small  beakers  and  allowed  to  stand,  one  24  hours,  one  36  hours,  and  two  for  48 
hours. 

/.  A'.  Haywood. — In  both  methods  I  and  II  it  was  found  necessary  to  distill  over 
about  500  cc  of  water  in  order  to  obtain  all  the  nicotin.  In  method  II  an  attempt 
was  made  to  drive  off  all  ammonia  by  heating  to  50°-60°  C.  after  adding  the  sodium 
hydroxid,  but  a  great  loss  of  nicotin  also  took  place.  It  was  also  found  that  the 
longer  the  extract  was  allowed  to  stand  in  the  ope  \  in  contact  with  sodium  hydrate, 
the  smaller  the  figure  obtained  for  nicotin,  showing  hat  there  was  a  constant  loss  of 
this  substance. 

DlSCrSSION    OF  THE   RESULTS. 

From  the  work  done  last  year  it  was  evident  that  the  Lloyd  method  gave  low 
results  upon  extracts  containing  a  large  amount  of  nicotin.  It  was  also  found  that 
the  Winton  method  (II)  gave  extremely  high  results  in  case  large  amounts  of 
ammonia  and  ammonium  salts  were  present,  unless  the  sodium  hydroxid  was  allowed 
to  stand  in  contact  with  the  extract  for  a  very  long  period.  This  year's  results 
show  that  if  large  quantities  of  ammonium  salts  and  ammonia  are  not  present  fair 
results  can  be  obtained  by  method  II,  but  there  is  a  continuovia  \o98  oi  nicotin  the 
longer  the  extract  stands  in  the  open  in  contact  with  the  So<\\vvttV  M^^^*  ^^  ^® 
manifestly  impossible  to  tell  with  all  the  extracts  the  exact  v^  •r.\,ftlt^^^^^.^^^  ^^^ 
ammonia  is  given  off  and  no  nicotin  has  yet  volatilized.     Iix    -  ^^        ^  a  xsoVol^ier^ 
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likely  does  not  exist.  It  would  therefore  appear  that  both  the  Lloyd  method  and 
method  II  must  be  rejected,  which  leaves  only  method  I.  I^ast  year  very  fair  results 
were  obtained  by  this  method,  considering  the  difficulty  of  the  determination,  and 
the'experience  has  been  repeated  this  year.  Since  this  is  so,  and  the  Kissling  method 
has  6t();>>l  the  test  of  time  when  used  by  various  chemists  outside  of  the  association, 
your  referee  is  of  the  opinion  that  it  should  be  adopted  as  the  official  method  of  the 
association,  with  an  understanding,  however,  of  its  limitations,  the  principal  of 
which  is  that  a  large  part  of  the  pyridin  present  is  determined  as  nicotin. 

Formalin. 
Table  VII. — Formalin. 


Analyst. 


J.  K.  Haywood,  Bur.  of  Chem.,  U.  S.  Dept.  Agr 

B.  H.Smith,  Bur.  of  Chem.,  U.  S.  Dept.  Agr 

F.  P.  Ladd  and  C.  H.  Klmberly,  Agricultural  College.  N.  Dak 


Formaldehyde. 


Method     Method     Method 
I.  II.  UL 


Per  cent. 


Percent. 


1 


18.82 

18.96 

18.86 

18.93 

18.92 

22.4  21.0 

19.4    I        21.0 


18.96 
18.81 
18.80 
18.86 


22.0 


18.0 


PercerU. 
18.58 
18.68 
18.40 
18.16 


18.99 
18.94 
19.06 


COMMENTS   JIY    ANALYSTS. 

Messrs.  Ladd  and  Kimberly. — Method  I  gives  varying  results  according  to  the  length 
of  time  the  sample  stands.  We  believe  the  results  to  be  high.  Method  II  seems 
open  to  serious  objections,  since  a  slight  error  in  reading  causes  a  large  error.  A  dif- 
ference of  0.1  cc  may  make  an  error  of  3  per  cent  in  strength.  Method  III  has  always 
given  the  most  trustworthy  results  for  laboratory  use,  and  rosolic  acid  is  a  more  satis- 
factory indicator  than  litmus.     No  corrections  have  been  made  for  free  acids  present. 

DISCUSSION   OP  THE   RESULTS. 

From  the  table  above  it  appears  that  two  chemists  were  able  to  get  most  excellent 
comparative  results  by  both  methods  I  and  II,  while  a  third  chemist  obtained  w^idely 
varying  results  by  thase  two  methods.  For  method  III  the  first  two  chemists 
obtained  low  results,  while  the  third  chemist  obtained  very  accurate  results.  The 
referee  can  not  agree  with  Messrs.  Ladd  and  Kimberly  in  their  conclusion  that 
method  I  gives  unreliable,  and  method  III  extremely  reliable,  results.  It  has  been 
his  experience  that  method  I  gives  very  excellent  resultiJ,  while  method  III  always 
gives  low  results,  and  is  further  open  to  the  objection  that  it  is  a  very  hard  matter 
to  read  the  end  point.  It  is  perfectly  true  that  method  II  is  open  to  the  objection 
that  a  very  slight  error  in  the  reading  causes  a  large  error  in  the  percentage,  and  it 
would  appear  that  method  II  should  only  be  used  upon  very  dilute  solutions  of 
formaldehyde. 

It  might  be  well  to  say  just  here  that  method  II  is  not  the  same  as  method  II  of 
last  year,  which  was  replaced  by  the  present  method  proposed  by  Romijn,«  and  is  as 
follows: 

Fifteen  cubic  centimeters  of  N/10  silver  nitrate  are  treated  with  six  drops  of  60  per 
cent  nitric  acid  in  a  50  cc  flask;  10  cc  of  a  solution  of  potassium  cyanid  (containing 
3.1  grams  of  potassium  cyanid  in  500  cc  of  water)  are  then  added  and  well  shaken. 

«Zeit.  anal.  Chem.,  1897,  86:  18-24. 
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An  aliquot  portion  of  this  filtrate,  say  25  cc,  is  titrated  according  to  the  method  of 
Volhard  with  an  N/10  solution  of  ammonium-salpho-cyanate  for  excefls  of  silver. 
Another  15^cc  portion  of  N/10  silver  nitrate  is  aciaifie<l  with  50  per  cent  nitric  acid 
and  treated  with  10  cc  of  the  ix)ta88ium  cyanid  solution  to  whicn  has  been  added  a 
weighed  quantity  of  the  dilute  formaldehyde  solution.  The  whole  is  made  up  to 
50  cc  and  a  25  cc  filtrate  from  it  is  titrated  with  N/IO  ammonium-sulpho-cyanate  for 
the  excess  of  silver  as  before.  The  difference  between  these  results  multiplied  by  2 
gives  the  amount  of  potassium  cyanid  that  has  been  used  by  the  formaldehyde  in 
terms  of  N/10  ammonium-sulpho-cyanate.  Each  cubic  centimeter  of  this  is  equal  to 
3  mg  of  formaldehyde. 

Since  this  difference  of  opinion  exists  between  your  referee  and  two  of  the  chemists 
who  were  engaged  in  the  work,  it  would  appear  advisable  to  examine  the  opinions 
that  have  been  published  on  the  subject. 

C.  Wallnitz,  in  an  article «  which  appeared  early  in  1903,  compared  several 
methods  for  determining  formaldehyde.  He  found  that  the  hydrogen  peroxid 
(method  I)  and  the  iodin  methods  were  superior  to  the  others  tested  when  the 
reagents  are  freshly  prepared,  and  that  the  Legler  method  (method  III)  lacked 
distinctness  in  the  end  point  reading. 

B.  H.  Smith,  in  an  article  &  published  during  the  fall  of  1903,  found  that  the 
hydrogen  peroxid  method  (method  I)  is  very  satisfactory  for  strong  solutions;  that 
the  Legler  method  (method  III),  while  not  giving  quite  as  high  results,  is  fairly 
satisfactory,  and  that  the  potassium  cyanid  method  (method  II)  gives  good  results  on 
dilute  solutions. 

The  referee  will,  therefore,  make  no  recommendations  concerning  the  adoption  of 
any  of  these  methods,  but  will  leave  them  until  the  work  of  the  association  definitely 
establishes  the  superiority  of  one  or  the  other. 

Recommendations. 

I  would  respectfully  recommend: 

( 1 )  That  method  I  for  total  arsenious  oxid  in  Paris  green  be  adopted  as  an  offi- 
cial method,  this  being  a  repetition  of  my  last  year's  recommendation. 

(2)  That  the  four  modifications  of  the  A  very-Bean  method  for  total  arsenic  in 
Paris  green  be  tested  to  find  which  is  the  best  modification  to  be  adopted  as  an 
optional  official  method. 

(3)  That  the  electrolytic  method  be  adopted  as  the  official  method  for  determining 
copper  in  Paris  green  and  in  copper  carbonate,  and  that  the  volumetric  methods  be 
further  tested,  paying  particular  attention  to  the  remarks  of  Messrs.  Davidson, 
McBryde,  and  Allen  upon  this  subject. 

(4)  That  an  attempt  be  made  to  so  change  the  procedure  in  the  analysis  of  Lon- 
don purple  that  some  of  the  organic  matter  may  be  removed.  The  remarks  of 
Messrs.  Davidson  and  McBryde  are  of  value  in  this  connection. 

(5)  That  the  volumetric  silver  nitrate  method  be  adopted  as  the  official  method  of 
determining  cyanogen  in  potassium  cyanid  and  that  an  N/20  instead  of  an  N/10  solu- 
tion of  silver  nitrate  be  used. 

(6)  That  the  methods  of  examination  of  soda  lye  be  further  tested  and  compared 
with  the  gravimetric  methods  and  that  points  brought  out  by  Messrs.  Davidson  and 
McBryde  be  given  consideration. 

(7)  That  the  Kissling  method  for  determining  nicotin  be  adopted  as  an  official 
method. 

(8)  That  especial  attention  be  given  to  the  methods  for  determining  formaldehyde 
in  order  to  avoid  needless  repetition  of  work. 

I  desire  to  express  my  thanks  to  those  gentlemen  who  have  so  kindly  and  ably 
cooperatetl  with  me  in  the  al)ove  work,  and  esptH-ially  to  Messrs.  Davidson  and 
McBryde  for  many  valuable  suggestions. 

a  Zeit.  angew.  Chem. ,  April  7, 1903.       b  J.  Am.  Chem.  Soc. ,  \^^  vol.  25,  ^o.  10. 
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(A  discussion  by  Messrs.  Davidson,  Mewborne,  Hird,  and  Haywood 
on  the  subject  of  nicotin  determinations,  especially  in  strong  extracts, 
followed  the  reading  of  the  report.  The  points  discussed  are  brought 
out  in  the  report  as  printed  in  full.) 

The  President.  In  the  absence  of  the  referee  on  tannin  the  report 
.  of  the  committee  on  fertilizer  legislation  will  be  received, 

EEPOET  OF  COMMITTEE  ON  EEETILEZEB  LEGISLATION. 
By  H.  W.  Wiley,  Chairman. 

Afl  it  was  not  practicable  to  call  a  meeting  of  the  committee  on  fertilizer  legislation, 
I  corresponded  with  each  member  of  the  committee  to  secure  an  expression  of 
opinion,  first,  as  to  the  necessity  of  legislation  regulating  interstate  commerce  and 
foreign  commerce  in  fertilizers  and  fertilizer  ingredients;  and,  second,  in  regard  to 
the  character  that  such  legislation  should  assume.  I  have  received  replies  from 
members  of  the  committee,  and  j)resent  the  correspondence  for  publication. 

Washington,  D.  C,  October  29, 190S. 

Dear  Sir:  The  necessity  for  some  national  legislation  in  regard  to  fertilizers  is 
becoming  more  and  more  evident  every  day.  The  States,  of  course,  have  legislation 
controlling  commerce  wholly  within  the  States,  but  their  authority  does  not  extend 
beyond  the  State  line.  Tlie  multij)li('ity  of  labels  and  regulations  in  the  different 
States  is  a  real  annoyance  to  manufacturers  and  to  the  trade. 

It  is  l)elieYed  that  national  legislation  controlling  interstate  commerce  in  fertilizers 
and  commerce  therein  in  the  District  of  Columbia  and  the  Territories  and  regulating 
foreign  commerce  therein  would  prove  beneficial  in  many  ways.  Such  legislation,  if 
wisely  drawn,  would  serve  as  a  model  in  the  different  States  and  woukf  gradually 
secure  a  greater  uniformity  in  State  laws,  thus  removing  unnece:isary  restrictions  on 
trade,  both  in  manufacture  and  in  transit. 

The  committee  on  fertilizer  legislation  of  the  Association  of  Ofl&cial  Agricultural 
Chemists  should  make  some  recommendations  at  the  coming  meeting  respecting 
national  legislation.  The  committee  doubtless  could  also  i)roperly  make  suggestions 
in  regard  to  uniform  State  legislation.  I  therefore  ask  that  you  express  your  opin- 
ion on  the  following  points: 

Q)  Is  national  legislation  of  the  kind  indicated  above  desirable? 

(2)  If  so,  suggest  tentatively  the  form  of  an  act  which  should  be  brought  before  the 
Congress  of  the  United  States. 

(3]  State  how,  in  your  opinion,  national  legislation  should  influence  State  legisla- 
tion in  regard  to  uniformity  and  freedom  from  unneiressary  restrictions  on  commerce. 

(4)  Miscellaneous  matters  respecting  fertilizer  legislation  not  included  in  the  above 
items. 

I  shall  be  glad  to  have  a  full  expression  of  your  views  on  these  points  and  ear- 
nestly request  that  you  place  this  expression  in  my  hands  not  later  than  November  14, 
proxnno,  in  order  that  the  chairman  may  have  an  opportunity  to  collate  and  present 
the  views  of  the  different  members  of  the  committee  to  the  association. 
Respectfully, 

H.  W.  Wiley, 
Chairman  Committee  on  Fertilizer  Legislationj  A.  0.  A,  C. 


Raleigh,  N.  C,  Octol^r  SO,  1903. 
Dear  Sir:  I  have  your  favor  of  the  29th  in  regard  to  national  fertilizer  le^lation. 
I  think  some  legislation  along  this  line  is  probably  desirable.  The  only  difficulty  I 
see  is  that  in  cast*  the  bill  went  into  details  it  might  give  trouble  in  some  of  the  States. 
You  will  rememlxjr  that  we  had  considerable  difficulty  in  agreeing  on  the  names  by 
which  to  designate  the  fertilizing  constituents  in  our  committee  a  few  years  ago. 
Some  ten  of  the  Southern  States  have  practically  agreed  on  a  uniform  law,  which  was 
framed  by  the  State  chemists  and  commissioners  of  agriculture  in  an  association 
known  as  the  Cotton  States  Association  of  Commissioners  of  Agriculture.  A  copy  of 
this  law  is  to  be  found  on  page  52  of  the  proceedings  of  this  aissociation,  which  I  am 
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sending  under  separate  cover. «  In  this  association  we  had  difficulty  in  agreeing  on 
names  by  which  to  designate  the  constituents.  The  main  features  of  this  bill,  that 
is,  the  portions  relating  to  uniform  branding  and  guaranties,  is  now  in  operation,  or 
will  be  in  operation  in  Virginia,  North  Carolina,  Tennessee,  Alabama,  Georgia, 
Louisiana,  and  Arkansas,  with  prospects  that  Florida  and  South  Carolina  will  conform 
to  it.  I  think  the  details  of  inspection  and  the  control  of  the  fertilizer  trade  should  be 
left  to  each  individual  State.  While  our  bill  includes  all  the  minutite,  it  was  under- 
stood in  our  discussion  of  it  that  each  State  was  at  liberty  to  arrange  the  minor  details 
to  suit  conditions. 

B.  W.  KiLGORK,  State  Ch^yniM. 


FERTILIZER   LAW    DRAFTED   BY   COMMITTEE   OF  THE  COTTON   STATES   ASSOCIATION   OF 
COMMISSIONERS    OF   AGRICULTURE. 

A  BILL  to  be  entitled  an  act  to  regulate  and  make  uniform  with  the  actA  of  other  States  of  the  Union 
the  registration,  sale,  inspection,  and  analysis  of  commercial  fertilizers,  acid  phosphates,  fertilizer 

materials,  and  chemicals,  in  the  State  of ,  and  to  consolidate  all  lawii  relating  to  said  sales, 

inspection,  and  analysis,  and  to  repeal  all  other  laws,  or  parts  of  laws,  in  conflict  therewith. 

Section  1.    Be  it  enacted  by  the  general  assembly  of  the  State  of ^  That  all 

manufacturers,  jobbers,  and  manipulators  of  commercial  fertilizers  and  fefilizer 
materials  to  be  used  in  the  manufacture  of  the  same,  who  may  desire  to  sell  (T  offer 

for  sale  in  the  State such  fertilizers  and  fertilizer  materials,  shall  first  file  with 

,  of  the  State  of ,  upon  forms  furnished  by  said ,  the  name  of  each 

brand  of  fertilizer,  acid  phosphate,  fertilizer  material,  or  chemical  which  they  may 
desire  to  sell  in  the  said  State,  either  by  themselves  or  their  agenti?,  together  with 
the  name  and  address  of  the  manufacturer  o*  manipulator;  and  also  the  guaranteed 
analysis  tnereof,  stating  the  sources  from  which  the  phosphoric  acid,  nitrogen,  and 
potash  are  derived,  and  if  the  Faiue  fertilizer  is  sold  under  a  different  name  or  names, 
said  fact  shall  be  so  stated,  and  the  different  brands  which  are  identical  shall  be 
named. 

Sec.  2.  All  persons,  companies,  manufacturers,  dealers,  or  agents,  before  selling  or 
offering  for  sale  in  tliis  State  any  commercial  fertilizer  or  fertilizer  material,  shall 
brand  or  attach  to  each  bag,  barrel,  or  package  the  brand  name  of  the  fertilizer,  the 
weight  of  the  package,  the  name  and  address  of  the  manufacturer,  and  the  guaranteed 
analysis  of  the  fertilizer,  giving  the  valuable  constituents  of  the  fertilizer  in  minimum 
fjercentages  only.  These  items  shall  be  branded  or  printed  on  the  package  in  the 
following  order: 

1.  Weight  of  each  package  in  pounds. 

2.  Brand  name  or  trade-mark. 

3.  Guaranteed  analysis. 

4.  Available  phosphoric  acid per  cent. 

5.  Nitrogen per  cent. 

6.  Potash per  cent. 

7.  Name  and  address  of  the  manufacturer. 

In  bone  meal,  tankage,  or  other  products,  where  the  phosphoric  acid  is  not  avail- 
able to  laboratory  methods,  but  becomes  available  on  the  decomposition  of  the  prod- 
ucts in  the  soil,  the  phosphoric  acid  shall  be  claimed  as  total  phosphoric  acid,  unless 
it  be  desired  to  claim  available  phosphoric  acid  also,  in  which  latter  case  the  guar- 
anty must  take  the  form  above  set  forth.  In  the  case  of  bone  meal  and  tankage, 
manufacturers  mav  brand  on  the  bags  information  showing  the  fineness  of  the  prod- 
uct, provided  it  takes  a  form  approved  by  the . 

Sec.  3.  If  any  commercial  fertilizer  or  fertilizer  material  offered  for  sale  in  this 
State  shall,  upon  oflScial  analysis,  prove  deficient  in  any  of  its  ingredients,  as  guaran- 
teed and  branded  upon  the  sacks  or  packages,  and  if  by  reason  of  such  deficiency  the 
commercial  value  thereof  shall  fall  3  per  cent  below  the  guaranteed  total  commercial 
value  of  such  fertilizer  or  fertilizer  material,  then  any  note  or  obligation  given  in 
payment  thereof  shall  be  collectible  by  law  only  for  the  amount  of  the  actual  total 
commercial  value  as  ascertained  by  said  official  analysis. 

Sec.  4.  Be  it  further  enacted,  that  the  words  **  High  grade  "  shall  "not  appear  upon 
any  bag  or  other  package  of  any  complete  fertilizer  which  eompWo  iertilizer  con- 
tains, by  its  guarantet^l  analysis,  less  tnan  10  per  cent  available  pri(jtar^\\oTVc  aeid,!.^ 
per  cent  nitrogen  (equivalent  to  2  per  cent  of  ammonia),  and  2  p^^*    "  ^  o\  potaa^i  ^^ 
a  grade  or«.ns3ysisor  equal  total  commercial  value;  that  the  worA  w^^^onda-^" 

o  A  copy  of  this  law  follows. 
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not  appear  upon  any  ba^  or  other  package  of  any  complete  fertilizer  which  contains, 
by  its  guaranteed  analysis,  less  than  8  per  cent  available  phosphoric  acid,  1.65  per 
cent  nitrogen  (equivalent  to  2  per  crent  ammonia),  and  2  per  cent  potash,  or  a  grade 
or  analysis  of  equal  total  commercial  value;  that  the  words  *'  High  erade ''  shall  not 
appear  upon  any  bag  or  other  package  of  any  acid  phosphate  with  potash  which 
snail  contain  by  its  guaranteed  analysis  less  than  13  per  cent  available  phosphoric 
acid  and  1  per  cent  of  potash,  or  a  grade  or  analysis  of  equal  total  commercial  value; 
that  the  word  *' Standard ''  shall  not  appear  upon  any  bag  or  other  package  of  any 
acid  phosphate  with  potash  which  shall  contain  by  its  guaranteed  analysis  less  than 
11  per  cent  available  phosphoric  acid  and  1  per  cent  jpotash,  or  a  grade  or  analysis 
of  equal  total  commercial  value;  that  the  words  **High  grade"  shall  not  appear 
upon  any  bag  or  other  package  of  any  plain  acid  phosphate  which  shall  contain  by- 
its  guaranteed  analysis  less  than  14  per  cent  available  phosphoric  acid;  and,  lastly, 
that  the  word  "  Standard  "  shall  not  appear  upon  any  bag  or  other  package  of  any 
plain  acid  phosphate  which  shall  contain,  by  its  guaranteed  analysis,  less  than  12  per 
cent  availaole  phosphoric  acid. 

It  is  further  nereby  provided  that  no  complete  fertilizer,  acid  phosphate  with  pot- 
ash, acid  phasphate  with  nitrogen,  or  plain  acid  phosphate  shall  be  offered  for  sale 
in  this  State  which  contains  less  than  12  per  cent  of  total  plant  food,  namely,  avail- 
able phosphoric  acid,  nitrogen,  and  potash,  either  singly  or  in  combination,  provided 
that  in  mixed  fertilizers  there  shall  not  be  claimed  less  than  1  i^er  cent  of  potash  and 
0.82  per  cent  of  nitrogen  when  one  or  both  are  present  in  the  same  mixture. 

Sec.  5.  Be  it  further  enacted,  that  all  manumcturers  and  manipulators,  or  agents 
representing  them,  who  have  registered  their  brands  in  compliance  with  section  1  of 

of  this  at:t,  shall  forward  to a  request  for  tax  tags,  stating  that  said  tags  are  to 

be  used  upon  brands  of  fertilizers  and  fertilizer  materials  registered  in  accordance 

with  this  act,  and  said  request  shall  be  accompanied  with  the  sum  of cents  per 

ton  as  an  inspection  fee,  whereupon  it  shall  be  the  duty  of to  iss«e  tags  to 

parties  applying,  who  shall  attach  a  tag  to  each  hag,  barrel,  or  package  thereof, 
which,  when  attached  to  said  package,  shall  be  prima  facie  evidence  that  the  seller 
has  complied  with  the  requirements  of  this  act.  Any  tags  left  in  the  possession  of 
the  manufacturers  shall  not  be  usetl  for  another  season,  but  shall  be  redeemed  with 
new  tags  within  sixty  da^'s  after  the  close  of  the  department's  lisail  year,  which  fis- 
cal year  shall  be  comprised  between  the  dates ,  iiiduj-ive.    The  color  of  the 

said  tax  tags  must  be  cnanged  each  fiscal  year,  and  there  shall  not  be  printed  upon 
said  tax  tags  any  brand  name  or  analysis. 

Sec.  6.  Be  it  further  enacted,  That  it  shall  not  be  lawful  for  any  manufacturer  or 
company,  either  by  themselves  or  their  agents,  to  sell  or  offer  for  sale  in  this  State 

any  fertilizer  or  fertilizer  material  that  has  not  been  registered  with ,  as  retjuired 

by  this  act.  The  fact  that  the  purchaser  waives  the  inspection  and  analysis  thereof 
shall  be  no  protection  to  said  party  selling  or  offering  the  same  for  sale. 

Sec.  7.  The  guaranteed  analysis  of  each  and  every  brand  of  fertilizer  or  fertilizer 
^material  must,  without  exception,  remain  uniform  throughout  the  fiscal  year  for 
which  it  is  registered,  and  in  no  case,  even  at  subsequent  registration,  shall  tne  grade 
be  lowered,  although  the  proportion  of  the  available  constituents  may  be  changed  so 
that  the  decrease  of  one  constituent  may  be  compensated  for  in  value  by  the  increase 
of  the  other  or  others.     Such  proposed  change  must  first  receive  the  approval  of  the 

.     A  brand  name  (and)  or  trade-mark  registered  by  one  manufacturer  shall 

not  be  entitled  to  registry  by  another,  and  the  manufacturer  having  first  registered 
and  use<l  the  said  brand  name  (and)  or  trade-mark  shall  l>e  entitled  to  it,  even  should 
said  brand  name  (and)  or  trade-mark  not  be  offered  for  current  registration  at  the 
time.  Nothing  in  this  section  shall  be  construed  as  debarring  the  right  of  any  man- 
ufacturer to  establish  his  ownership  in  and  prior  right  of  registration  of,  any  brand 
name  (and)  or  trade-mark,  whether  said  brand  name  (and)  or  trade-mark  had  been 
previously  registered  or  not. 

Sec.  8.  No  person,  company,  dealer,  or  agents  shall  sell,  expose,  or  offer  for  sale  in 
this  State  any  pulverized  leather,  raw,  steamed,  roasted,  or  in  any  other  form,  either 
as  a  fertilizer  or  fertilizer  material,  without  first  making  full  and  explicit  statement 

of  the  fact  in  registration  with  the and  furnishing  satisfactory  proof  that  the 

nitrogen  is  sufficiently  available  and  valuable  for  the  purpose  for  which  sold. 

Sec.  9.  Be  it  further  enacted.  That  the shall  appoint  as  many  inspectors  of 

fertilizers  as  in  said judgment  may  be  necessary,  who  shall  hold  their  offices 

for  such  time  as  said in judgment  shall  think  best  for  carrying  out  the 

{provisions  of  this  act.  The  greatest  compensation  that  any  one  inspector  of  fertili- 
zers shall  receive  shall  be  at  the  rate  of dollars  x)er  month  and  his  actual 

expenses  while  in  the  dis<!harge  of  his  duty  as  such  inspector.  It  shall  be  their  duty 
to  inspect  all  fertilizers,  acid  phosphates,  chemicals,  cotton-seed  meal,  or  other  feiv 
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tilizing  material  that  may  be  foand  at  any  point  within  tlie  limits  of  the  State,  and 
gp  to  any  point  when  so  directed  by ,  and  shall  see  that  all  fertilizers  and  fer- 
tilizer materials  are  properly  tagged. 

Sec.  10.  Be  it  further  enacted,  That  each  of  the  inspectors  of  fertilizers  shall  be 
provided  with  bottles  of  not  less  than  eight  (8)  ounces  capacity  in  which  to  place 
samples  of  fertilizers  and  fertilizer  materials  drawn  by  him;  and  it  shall  be  the  duty 
of  each  inspector  of  fertilizers  to  draw,  with  such  an  instrument  as  shall  secure  a  core 
from  the  entire  length  of  the  package,  such  samples  of  fertilizers  and  fertilizer  materials 

as  he  may  be  directed  by to  inspect  or  that  he  may  find  uninspected;  and  in  the 

performance  of  his  duty  he  shall  carefully  draw  samples  as  follows:  In  lots  of  ten  pack- 
ages or  less,  from  every  package;  in  lots  of  10  to  100  packages,  from  not  less  than  10 
packages;  in  lots  of  100  packages  and  over,  from  not  less  than  10  per  cent  of  the  entire 
number;  and,  after  thoroughly  mixing  the  samples  so  drawn,  he  shall,  by  the  method 
known  as  ** quartering,"  draw  from  such  thoroughly-mixed  sample  two  subsamples, 
and  with  them  fill  two  sample  bottles,  and  shall  plainly  write  on  a  label  on  said  bottles 
the  number  of  said  sample,  and  shall  also  write  on  tlie  lalxjl  on  one  only  of  said  bot- 
tles the  name  of  the  fertilizer,  acid  phosphate,  or  other  fertilizer  material,  also  the 
name  of  the  manufacturers.     He  shall  then  seal  l>oth  of  the  said  Iwttles,  and  shall 

forward  to the  said  samples  so  drawn  by  him,  stating  the  number  of  sacks 

from  which  the  sample  was  drawn,  and  a  full  report  of  the  inspection  written  on  a 
form  prescribed  by ,  which  report  must  be  numbered  to  agree  with  the  num- 
ber on  the  bottle;  and  in  said  report  shall  be  given  the  name  of  the  fertilizer  or  fer- 
tilizer material,  the  name  of  the  manufacturer,  the  guaranteed  analysis,  the  place 
where  inspected,  the  date  of  the  inspection,  and  the  name  of  the  inspector;  and 
it  shall  be  the  duty  of  said  inspectors  to  keep  a  complete  record  of  all  inspections 

made  by  them  on  forms  prescrilxjd  by .     Before  entering  u|>on  the  discharge 

of  their  duties  they  shall  also  take  and  subscribe,  before  some  officer  authorized  to 
administer  the  same,  an  oath  to  faithfully  discharge  all  the  duties  which  may  be 
required  of  them  in  pursuance  of  this  act. 

Sec.  11.  Be  it  further  enacted,  That  a  sample  of  all  fertilizers  or  fertilizer  mate- 
rials, drawn  by  the  official  inspec^tors  and  filed  with  the ,  shall  be  marked  by 

number  and  delivered  by  said to  the  State  chemist,  who  shall  make  a  com- 
plete analysis  of  the  same  and  certify,  under  same  number  as  marked,  said  analysis 
to  said  — - — ,  which  analysis  shall  be  recorded  as  officiial  and  entered  op|)Osite  the 
brand  of  fertilizer  or  fertilizer  material  which  the  mark  and  number  represent;  and 
only  the  said  official  analysis  of  such  fertilizer  or  fertilizer  material,  under  the  seal 

of ,  shall  be  admissible  as  evidence  in  any  of  the  courts  of  this  State  on  the 

trial  of  any  issue  involving  the  merits  of  such  fertilizer  or  fertilizer  material. 

Sec.  12.  Be  it  further  enacted.  That  the shall  have  authority  to  establish 

such  rules  and  regulations  in  regard  to  the  inspection,  analysis,  and  sale  of  fertilizers 
and  fertilizer  materials  as  shall  not  be  inconsistent  with  the  provisions  of  this  act, 
and  as  in judgment  will  best  carry  out  the  requirements  thereof. 

Sec.  13.  Be  it  further  enacted,  That  nothing  in  this  act  shall  be  construetl  to  restrict 
or  avoid  sales  of  acid  phosphate  or  any  other  fertilizer  material  to  each  other  by 
importers,  manufacturers,  or  manipulators  who  mix  fertilizer  materials  for  sale,  or 
as  preventing  the  free  and  unrestricted  shipments  of  material  to  manufacturers  or 
manipulators  who  have  registered  their  brands  as  required  by  the  provisions  of  this 
act. 

Sec.  14.  Be  it  further  enacted.  That  any  person  selling  or  offering  for  sale  any  fer- 
tilizer or  fertilizer  material  without  having  first  complied  with  the  provisions  of  this 
act  shall  l)e  guilty  of  a  misdemeanor,  and  on  conviction  thereof  shall  l>e  punished  as 
prescribed  in . 

Sec.  15.  Be  it  further  enactetl,  by  the  authority  aforesaid.  That  all  laws  and  parts 
of  laws  in  conflict  with  this  act  be,  and  the  same  are,  hereby  repealed. 


College  Park,  Md.,  November  14,  1903, 
Dear  Sir:  In  reply  to  your  letter  of  Octol)er  29  I  regret  to  say  that  I  have  lieen  so 
busy  with  my  various  duties  that  I  have  not  had  time  to  give  it  the  attention  its 
importance  deserves.  The  drafting  of  a  State  law  which  will  be  satisiactory  is  a  diffi- 
cult matter,  but,  I  think,  one  to  bt»  general  in  its  application  Wovx\(\  be  a  much  more 
difficult  task,  due  to  the  various  conditions  and  different  laws  «lVy«^ai\V  ^^  ^o^^^  ^^  * 
number  of  the  States.  I  should  think  a  national  law  would,  ^«  \pce8S^^y»  ^*^^^  ^ 
allow  considerable  latitude  in  guaranties.  *•  *^ 
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If  we  could  all  come  to  some  reasonably  close  agreement  in  resard  to  guaranteed 
analysis,  and  that  should  be  embodied  in  a  national  law,  it  would  help  matters  con- 
siderably. Since  hearing  the  views  of  the  members  of  the  committee  some  time  ago 
I  am  al)out  convinced  that  this  is  a  hopeless  undertaking.  I  am  more  fully  convinced 
than  ever  of  the  necessity  for  simplicity  in  guaranties.  Many  of  our  farmers  know 
nothing  more  than  "a  ton  of  phosphate"  yet,  and  have  no  conception  as  to  any  rela- 
tion Iwtween  analysis  and  value.  The  statement  of  the  phosphoric  acid  as  *  *  soluble '  * 
and  "available"  and  **  total,"  and  each  of  these  restated  in  the  equivalent  in  **bone 
phosphate,"  and  so  on  with  the  potash  and  the  nitrogen,  is  not  intelligible  to  one  in 
a  hundred  of  our  farmers,  and  I  doubt  if  one  out  of  ten  of  the  members  of  the  work- 
ing force  of  the  agricultural  colleges  and  experiment  stations  would  fully  understand 
it.  It  is  all  very  well  for  chemists  who  have  l)een  c(mnected  with  fertilizer  inspec- 
tion for  years  to  talk  alx)ut  "total  nitrogen,"  "organic^  nitrogen,"  "ammoniacal 
nitrogen,"  and  "nitrate  nitrogen,"  but  it  is  too  much  for  the  average  farmer — at 
least  m  Maryland. 

However,  I  think  that  national  legislation  is  desirable.  The  work  should  l)e  under 
the  Bureau  of  Chemistry.  The  repetition  of  guaranty  in  different  forms  and  the 
giving  of  maximum  analVses  should,  so  far  as  possible,  l)e  prohibited.  The  ex{)euse 
should  l>e  defrayed  by  the  (tovernment.  The  legislation  should  follow,  as  nearly  as 
may  l)e,  the  general  trend  of  inspection  already  established  by  the  Bureau. 

As  to  just  how  national  legislation  should  influence  State  legislation  I  am  not  now 
prepare<l  to  state.     There  are  questions  of  ccmstitutional  law,  et<'.,  involved,  which 
can  best  l>e  solved  by  those  who  have  had  considerable  ex[)erience  with  them. 
Very  respectfully, 

H.  B.  McDonnell,  State  Chemist, 


St.  Ix)ris,  Mo.,  November  2 ^  1903. 

My  Dear  Sir:  Your  favor  of  October  29  has  Ijeen  forwarded  to  me  from  New  York. 
In  reply  I  uould  say: 
M I )  1  l)elieve  that  some  legislation  of  this  kind  is  desirable. 

(2)  An  act  which  will  provide  (a)  the  purchaser  a  minimum  guaranty  in  the 
plainest  terms;  (h)  a  revenue  great  enough  to  j>erinit  of  the  employment  of  high-class 
inspectors  and  chemists;  (r)  a  method  of  raising  this  revenue  that  will  be  equitable  and 
at  the  same  time  tend  to  prevent  unnecessary  multiplitation  of  brands;  a  permanent 
registration  fee  (not  annual)  and  a  moderate  tonnage  tax  will  cover  these  points;  the 
original  registration  fee  should  not  be  great  enough  to  discourage  small  manufacturers 
from  registering  g(Kjds  and  furnishing  local  competition;  this  is  especially  im))ortant 
in  the  country  west  of  the  Mississippi  River,  and  hence  in  a  law  relating  to  territo- 
ries; ( d)  that  the  possess<  r  of  the  goods  as  well  as  the  vendor  shall  be  held  responsible 
for  obedience  to  tneprox  isionsof  the  law;  (e)  a  model  on  which  local  legislation  may 
be  based;  (/)  penalties  of  such  kind  and  extent  as  to  enfoice  the  guaranty  and  pre- 
vent dishonest  methods  of  competition  among  manufacturers;  {g)  a  boarcl  of  ap})ea1 
for  final  decrision  of  differences  arising  between  manufacturers  and  official  inspection 
bureau;  (A)  flixibility  enough  to  niett  new <onditions  that  may  arise  in  the  trade. 

(3).  I  believe  that  there  should  be  no  restrictions  in  regard  to  the  amount  of  the 
three  essential  plant  footls  in  any  fertilizer,  butthe  minimum  amounts  of  each  should 
be  clearly  and  definitely  stated.  National  legislation  shouid  encourage  uniformity 
in  State  legislation: 

In  my  opinion  the  "  restriction  of  commerce  "  complaint  is  somewhat  overworked. 
No  one  questions  the  fact  that  some  labor  and  expanse  are  required  to  conform  to 
the  present  fertilizer  laws.  But  these  laws  are  the  necessary  consequences  of  frauds 
conmiitted  by  parties  engaged  in  the  fertilizer  industry.  Fertilizer  manufacturers 
make  a  fixed  charge  for  "State  tax  and  inspection"  and  in  the  cases  I  have  investi- 
gated this  fixed  charsre  is  so  much  greater  than  the  actual  cost  that  what  is  an  apparent 
expense  is  converted  into  a  source  of  profit.  I  am  aware  that  provision  t/,  hold- 
ing the  possessor,  who  may  also  l>e  the  consumer,  responsible  for  the  obedience  to 
the  law,  is  rather  unusual  and  at  present  exists  in  only  one  State,  Indiana.  In  prac- 
tice it  works  admirably;  the  consumer  makes  the  local  agent  protect  him  ana  the 
local  agent  in  turn  make  his  principal,  the  manufacturer,  insure  him  (the  local  agent) 
against  all  costs  and  penalties  arising  from  failure  to  comply  with  the  law.  In  this 
way  a  State  law  is  made  to  reach  a  manufacturer  who  is  located  outside  the  State. 
Direct  shipments  to  consumers  from  outside  States  are  thus  reached  by  a  simple  pro- 
vision in  tne  contract,  and  as  the  goo<ls  are  sold  on  credit,  the  purchaser  is  able  to 
deduct  from  his  payments  any  penalties  he  has  suffered  through  failure  of  the  manu- 
facturer to  fulfill  his  contract. 
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While  giving  due  consideration  to  the  somewhat  hackneyed  complaints  about 
unnecessary  restrictions  of  commerce,  we  must  not  lose  sight  of  the  causes  that  gave 
rise  to  these  restrictions  and  of  the  tremendous  financial  and  educational  advantages 
which  fertilizer  consumers  have  derived  from  them.  Nor  must  we  lose  sight  of  trie 
fact  that  an  efficient  fertilizer  law  is  the  best  protection  that  an  honest  manufacturer 
can  have  against  unfair  competition. 

H.  A.  Huston, 
ChemiHtj  German  Kali  Works. 


Auburn,  Ala.,  November  10 ^  190S. 

Dear  Sir:  Your  letter  of  recent  date  relative  to  national  fertilizer  legislation  came 
promptly  to  hand,  and  I  have  carefully  noted  the  various  points  upon  which  you 
desire  an  expression  of  opinion  by  the  members  of  your  committee  on  fertilizer 
legislation. 

With  regard  to  the  first  point  upon  which  you  desire  an  expression,  I  would  say 
that  national  legislation  controlling  interstate  commerce  in  fertilizers  in  the  District 
of  Columbia  and  the  several  Territories  would  prove  quite  beneficial,  in  my  opinion, 
and  I  also  think  it  highly  desirable,  sooner  or  later,  to  enact  legislation  which  will 
better  facilitate  the  carrying  on  of  trade  in  fertilizers  between  the  several  States. 

From  my  connection  for  a  number  of  years  with  the  fertilizer  control  in  this  State, 
I  have  become  aware  of  the  hindrances  which  have  been  placed  in  the  way  of  legiti- 
mate traffic  and  trade  in  fertilizers  by  reason  of  the  diverse  restrictions  and  regula- 
tions placed  upon  the  traffic  in  different  States.  I  would  say  further  that  as  a  result 
of  a  movement  inaugurated  by  the  Association  of  Commissioners  of  Agriculture  of  the 
Cotton  States  (including  in  its  membership  the  official  chemists  of  those  States)  that 

I)ractically  a  uniform  law  has  been  adopted  in  a  number  of  those  States,  while  legis- 
ation  along  the  same  lines  is  pending  in  some  of  the  remaining  States.  In  North 
Carolina,  Tennessee,  Georgia^  and  Alabama  (controlling  a  consumption  of  more  than 
one  and  a  quarter  million  tons)  a  uniform  system  of  branding  packages  and  of  stating 
guaranties  is  now  in  force,  thereby  removing  unnecessary  ana  annoying  restrictions 
upon  commerce  in  fertilizers  in  those  States. 

With  regard  to  the  second  question  presented  for  the  consideration  of  the  members 
of  the  committee,  1  would  say  that  I  am  hardly  prepared  to  make  definite  suggestions 
as  to  the  exact  scope  and  character  of  an  act  which  would  accomplish  the  purposes 
in  view. 

So  far  as  legislation  for  the  District  of  Columbia  and  the  Territories  is  concerned, 
it  seems  to  me  that  the  essential  features  of  the  scheme  for  fertilizer  legislation, « 
proposed  by  this  committee  in  1897,  could  be  embodied  in  the  act  to  advantage. 

Among  some  of  the  desirable  ends  to  be  accomplished  by  national  legislation  relat- 
ing to  interstate  commerce  in  fertilizers,  may  be  mentioned  the  securing  of  uniform 
systems  of  branding  and  of  stating  guaranties  where  shipments  are  to  be  made  from 
one  State  to  another;  the  prevention  of  the  duplication  of  the  same  brand  or  trade 
name,  and  the  protection  of  manufacturers  having  prior  claims  to  the  right  of  use  of 
a  given  trade  name;  the  prevention  of  the  shipment  of  condemned  or  rejected  goods 
from  one  State  to  another  unless  the  gowls  are  so  branded  as  to  show  their  tme  com- 
position or  fertilizing  value,  etc. 

National  legislation  upon  these  lines  would  in  a  short  time  tend  to  bring  about 
uniformity  in  Btate  legislation  relative  to  fertilizer  traffic  within  the  individual  States, 
as  no  State  would  care  to  have  two  different  systems  for  intrastate  and  interstate 
commerce.  , 

Yours,  very  truly,  B.  B.  Ross, 

State  Chemifi. 

The  members  of  the  committee  seem  to  be  of  the  opinion  that  national  fertilizer 
legislation  is  as  much  to  be  desired  as  is  legislation  in  regard  to  coiw^eT^'^  ^^  iooda, 
for  the  double  purpose  of  protecting  the  honest  manufacturer  at\r\  ib*i  consumer 
against  the  mercenary  manufacturer,  and  especially  to  unify  the  pY^^v  ;a\0^^  *^^  ^^^e 
legislation.     The  manufacturers  and  dealers  in  fertilizers  are  con^^  \V'b'  ^^^^^ 

the  same  problem  as  confronts  the  manufacturers  and  distributor^     ^^      \o^.     ^"^^ 
every  State  in  the  Union  has  a  food  law  and  a  fertilizer  law,  and  1\»^^\^>      \^      ^^^^ 
were  identical,  or  even  harmonious,  until  recently,  when  so  in  cv  X^*^      -^i^^  <9sVsn^^ 

in  this  direction  by  several  of  the  States.     The  result  is  that  the  ^^  ^^   .  ^'^     *  '*^'         ^ 

o  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Circular 
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be  put  up  and  labeled  one  way  in  one  State  and  another  way  in  another  State.  This 
entaiin  an  increased  amount  of  labor  on  the  manufacturer,  and  the  consumer  has  to 
pay  for  it,  ao  the  final  result  is  simply  to  raise  the  price  of  fertilizer  materials.  Your 
committee  is  of  the  opinion  that  legislation  of  a  national  character  regulating  inter- 
state and  foreign  commerce  in  fertilizers  and  fertilizing  materials  would  be  of  great 
benefit  in  this  respect. 

I  also  have  the  report  of  the  committee  on  fertilizer  legislation  of  the  Association 
of  Agricultural  Colleges  and  Experiment  Stations,  which  is  submitted  for  publication. 
In  the  main  the  two  committees  are  in  entire  harmony,  although  the  purposes  of  the 
two  are  somewhat  different. 

REPOBT  OP  THE  STANDING  COMMITTEE  OP  THE  ASSOCIATION  OP  AMERICAN  AORICULTUBAL 
COLLEGES  AND  EXPERIMENT  STATIONS  ON  UNIFORM  PERTILIZER  AND  PEEDINO-flTUFF 
LEGISLATION. 

In  the  course  of  the  past  year  vour  committee,  as  heretofore,  has  been  in  corre- 
spondence with  {parties  in  several  States  who  were  interested  in  the  pass«age  of  new 
fertilizer  laws  or  in  the  amendment  of  existing  ones. 

Arizona,  Idaho,  New  Mexico,  Nevada,  Montana,  Wyoming,  and  Utah  have  not  yet 
felt  the  necessity  of  legislation  in  this  line.  In  Colorado  and  Arkansas  recent  attempts 
to  pass  such  laws  have  been  defeated.  The  following  reports  have  been  received 
from  some  of  the  other  States: 

Ex-Director  Huston,  of  Indiana,  reports  that  the  existence  of  the  recommendations 
of  this  association  was  of  much  assistance  in  connection  with  steps  taken  to  amend 
the  old  fertilizer  law  in  that  State.  The  law  as  enacted  was  made  to  correspond  to 
the  recommendations  in  certain  particulars  and  the  other  points  were  practically  all 
left  to  the  discretion  of  the  executive  officer,  thus  rendering  it  possible  to  make  rules 
in  accordance  with  the  recommendations. 

Professor  Ladd,  of  North  Dakota,  reports  that  at  the  last  session  of  the  legislature 
in  that  State  a  fertilizer  law  was  enacted,  and  that  the  bill  was  drawn  in  act^ordance 
with  the  recommendations  of  this  association,  which  he  says  were  very  helpful  in 
the  preparation  of  the  bill  "and  in  securing  the  necessary  legislative  action  thereon.'* 

R.  E.  Rose,  State  chemist,,  Tallahassee,  S'la.,  writes  that  the  law  in  that  State  has 
recently  been  amended  to  conform,  in  so  far  as  possible,  with  the  recommendations 
concerning  uniformity.   He  adds  that  the  recommendations  were  of  material  8er>'ice. 

Prof.  F.  B.  Mumford,  of  Missouri,  reports  that  the  law  in  that  State  has  been 
amended  recently  and  that  the  recommendations  were  of  **  much  assistance." 

President  McBryde,  of  Virginia,  reported  July  4,  1903,  the  changes  in  the  law  in 
that  State  were  then  being  considered  and  that  amendments  in  the  line  of  the  recom- 
mendations were  being  urged.  In  conclusion  he  says:  **It  follows,  therefore,  that 
your  recommendations  will  be  helpful  in  securing  the  legislation  needed." 

Director  Armaby  reports  that  the  recentlv  amended  law  of  Pennsylvania  conforms 
ver^  largely  in  substance  to  the  recommendations. 

Director  Soule,  of  Tennessee,  states  that  a  new  law  was  passed  in  that  State  in 
April,  1903.  The  law  was  drawn  with  the  object  of  making  it  conform  with  the  rec- 
ommendations of  the  associations,  but  a  few  amendments  were  made  not  in  harmony 
therewith  which  it  is  believed  weakened  the  law.  He  adds  that  it  is  hoped  later  to 
secure  such  amendments  as  will  make  the  law  conform  to  the  original  draft,  and  that 
**Had  it  not  been  for  the  existence  of  the  recommendations,  it  would  probably  not 
have  been  possible  to  secure  the  passage  of  the  present  law." 

Director  J.  F.  Duggar,  of  Alabama,  writes  under  date  of  July  7  that  in  that  State 
"the  old  law  has  been  replaced  this  year  by  a  new  one,  which  embodies  the  recom- 
mendations of  the  Association  of  American  Agricultural  Colleges  and  Experiment 
Stations  and  of  the  Association  of  Official  Agricultural  Chemists,"  and  that  **the  rec- 
ommendations alluded  to  have  had  PiUch  weight  in  securing  the  revision  of  legisla- 
tion along  this  line." 

After  careful  consideration  of  the  subject,  your  committee  submits  the  following 
recommendations  regarding  laws  regulating  the  sale  of  feeding  stuffs. 

(1)  That  for  the  purpose  of  defra^'ing  the  expenses  of  feeding-stuff  inspection  the 
State  should  make  a  direct  appropriation,  or  where  this  is  impracticable  a  brand  tax 
should  be  levied.  In  view  of  the  experience  of  Maine  and  Vermont  a  tonnage  tax 
is  not  to  be  recommended. 

(2)  That  the  following  materials  should  be  exempt  from  the  provisions  of  feeding- 
stuff  laws;  hays  and  straws  and  whole  unmixed  seeds,  such  as  wheat,  rye,  barley, 
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oats,  Indian  com,  buckwheat,  broom  com,  peas,  and  the  unmixed  meals  of  the 
entire  grains  of  such  seeds. 

(3)  The  term  **  concentrated  feeding  stuff "  should  include  linseed  meals,  cotton- 
seed mealH,  cotton-seed  feeds,  \wa  meals,  cocoanut  meals,  gluten  meals,  pluten  feeds, 
maize  feeds,  starch  feeds,  sugar  feeds,  dried  brewers'  grains,  dried  distillers'  grains, 
malt  sprouts,  hominy  feeds,  cerealine  feeds,  germ  feeds,  rice  meals,  oat  feeds,  corn 
and  oat  chops,  com  and  oat  feeds,  corn  bran,  ground  beef  or  fish  scraps,  condimental 
foods,  poultry  foods,  stock  footls,  patented  proprietary  or  trade-mark  stock  and 
poultry  foods,  and  all  other  materials  of  a  similar  nature  not  included  in  section  2 
above.  Where  practicable  the  by-pro<luct8  from  the  milling  of  wheat,  rye,  and 
buckwheat  should  be  included  under  the  requirements  of  the  laws. 

(4)  That  a  legible  printed  statement  should  be  affixed  to  or  printed  on  each  pack- 
age containing  a  feechng  stuff  named  in  section  3,  giving  the  net  weight  of  the  pack- 
age, the  name  and  address  of  the  manufat^turer  oY  importer,  the  name,  brand,  or 
trade-mark  under  which  the  article  is  sold,  and  the  guaranteed  analysis  showing  the 
percentage  of  crude  protein  and  of  crude  fat  and  a  maximum  of  fil)er  which  shall  not 
be  excetSed. 

The  law  should  provide  that  the  chemical  analysis,  including  the  determinations 
of  crude  fiber,  cruae  protein,  and  crude  fat  shall  be  made  by  the  official  methods  of 
the  Association  of  Official  Agricultural  Chemists. 

If  the  feeding  stuff  is  sold  in  bulk  or  put  up  in  packages  belonging  to  the  pur- 
chaser, the  agent  or  dealer  shall  furnish  him  with  a  certified  statement  of  the  net 
weight  of  the  lot,  the  name  and  a^idress  of  the  manufacturer  or  importer,  the  brand 
or  trade-mark  under  which  said  article  was  sold,  and  the  percentasre  of  crude  protein 
and  crude  fat  which  said  article  is  guarantee<l  to  contain,  as  determined  by  the 
official  methods  of  the  Association  of  Official  Agricultural  Chemists. 

(5)  That  a  certifie<l  copy  of  the  statement  in  section  4  above  be  filed  with  the 
executive  officer  each  year. 

(6)  That  the  law  should  contain  a  penalty  by  fines  only  for  violations  of  its 
provisions. 

The  committee  recommends  to  the  Association  of  American  Agricultural  Colleges 
and  Experiment  Stations  the  adoption  of  the  recommendations  1  toH,  inclusive,  with 
the  suggestion  that  this  or  some  other  committee  should  be  instructed  to  use  its 
efforts  to  secure  the  end  in  view  by  using  its  influence  to  aid  in  securing  uniform 
legislation  in  the  several  States. 
KespectfuUy  submitted. 

H.  J.  Wheeler. 

Chas.  D.  Woods. 

E.  II.  Jenkins. 

H.  P.  Armsby. 

M.  A.  SCOVELL. 

I  would  like  also  to  call  attention  to  the  suggestion  which  was  made  to  me  by  Mr. 
W.  S.  Myers,  director  of  the  nitrate  of  soda  propaganda  in  this  country.  Under  date 
of  November  12,  he  writes  as  follows: 

Dear  Sir:  It  has  occurred  to  me,  as  doubtless  it  has  to  you,  that  the  practice  of 
our  experiment  stations  in  reporting  available  phosphoric  acid  and  potash,  and  failing 
to  report  available  nitrogen,  does  not  disclose  to  the  consumer  the  value  of  the  fer- 
tilizer from  either  a  commercial  or  a  merely  agricultural  standpoint.  The  official 
methods  now  in  use  are  a<iequate  at  least  to  make  a  [)reliminary  classification  of  the 
nitrogenous  content  of  fertilizers,  but  the  usual  practice  of  the  station  lal)oratories  is  to 
determine  and  rei)ort  total  iJtro^n  only.  Is  this  not  most  unfortunate  for  the  far- 
mer, for  whether  the  phosphoric  acid  is  worth  2  cents  or  4  cents  a  pound  does  not 
seem  as  of  great  moment  as  whether  the  nitrogen  is  worth  4  cents  or  10  cents  a  pound? 
Even  though  the  nitn)genous  content  is  small  in  the  average  commercial  fertilizer, 
small  percentages  at  high  prices  cut  a  large  figure  in  valuations. 

The  purpose  of  this  note  is  to  ask  the  Association  of  Official  Agricultural  Chemists 
to  consider  recommending  by  resolution  the  practice  of  putting  into  use  the  methods 
already  adopted  for  nitn^genou-*  fertilizers.     At  the  present  time  most  ol  the  stations 
are  not  willing  to  take  the  trouble.     I  am  aware  that  methods  are  uiK\^f  investigation 
for  the  classification  of  organic  nitrogen.     Does  nr»t  this  seem  rath^*  pterft^^^^^  ^^ 
view  of  the  failure  to  put  into  practice  the  simple  methods  already  ^^^^   ot©^^    '^^  ^^^ 
the  case  concretely,  from  my  standpoint,  the  dett^rmi nation  of  ni^^       ^  o^  ©.mmoiwa 
salts  and  of  organic^  nitrogen  should  be  made  in  each  fertilizer  wh^^^^^'  ^  ^oXV^^- 
Very  sincerely,  yours,  ^^>5^ 
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It  appears  from  the  views  expressed  by  the  members  of  the  committee  and  others 
that  the  general  opinion  is  that  some  national  legislation  should  be  enacted,  but 
there  is  no  definite  expression  as  yet  by  the  committee  as  to  the  form  that  this  legis- 
lation should  take.  I  therefore  move  that  the  committee  on  fertilizer  legislation  be 
instructed  to  confer  with  manufacturers  and  distributers  and  with  such  other  per- 
sons as  may  be  interested  in  the  matter  and  report  at  the  next  meeting  the  form  that 
national  legislation  should  take  with  a  view  to  preparing  a  tentative  bill  and  ui^ging 
its  enactment  into  a  law. 

The  motion  was  adopted. 

Mr.  Wiley,  I  would  like  to  oflfer  two  resolutions.  The  first  one 
pertains  to  the-  advisibility  of  associating  the  National  Bureau  of 
Standards  with  the  work  of  this  association.  I  have  had  a  conference 
with  the  chief  chemist  of  the  Bureau  of  Standards,  and,  while  he  would 
not  commit  himself  on  account  of  his  inability  at  that  time  to  consult 
with  the  director  of  the  Bureau,  he  looked  very  favorably  upon  the 
proposition  which  I  made,  to  the  effect  that,  as  the  Bureau  of  Stand- 
ards was  now  established  by  law  as  the  final  court  of  resort  for  all 
matters  relating  to  standards,  it  would  be  desirable  for  us  to  collab- 
orate on  standard  methods  of  analysis. 

It  can  do  no  harm,  therefore,  to  express  our  desire  for  such  collabo- 
ration if  it  can  be  secured  after  consultation  with  the  officials  of  that 
Bureau.     I  therefore  move  the  following  resolution: 

Reaolredy  That  the  Bureau  of  Standards  be  invited  to  cooperate  with  the  referees  of 
the  association  in  so  far  as  possible  in  establishing  the  accuracy  of  standard  methods 
of  analysis. 

Adopted. 

[The  following  letter  has  been  received  from  Director  Stratton,  and 
the  referees  are  therefore  requested  to  ask  the  Bureau  of  Standards  to 
collaborate  in  their  work.     H.  W.  W.] 

December  8,  1903. 

Dear  Sir:  I  beg  to  acknowledge  the  receipt  of  your  letter  of  December  4,  trans- 
mitting resolutions  passed  by  the  Association  of  Official  Agricultural  Chemists  invit- 
ing the  Bureau  of  Standards  to  cooperate  with  the  association  in  establishing  the 
accuracy  of  standard  metluKls  of  analysis.  In  reply  I  would  state  that  the  Bureau 
of  Standards  will  be  pleased  to  cooperate  with  the  association  in  every  way  consistent 
with  its  functions.  This  question  is  one  in  which  the  Bureau,  and  eajjecially  our 
chemical  section,  is  very  much  interested. 

Respectfully,  8.  W.  Stratton,  Director. 

Mr.  Wiley.  The  second  resolution  which  I  propose  to  oflfer  relates 
to  a  very  important  part  of  the  work  of  agricultural  chemistry  recently 
taken  up  by  the  Department  of  Agriculture,  which  has  realized  the 
importance  to  agriculture  of  the  cultivation  of  medicinal  plants.  Agri- 
culture, of  course,  includes  forestry  and  horticulture,  and  the  territory 
of  the  United  States  is  now  so  extended  that  within  the  jurisdiction  of 
the  United  States  almost  every  plant  which  is  used  in  medicine  is 
grown.  Hence  the  action  of  Congress  in  establishing  two  diflferent 
forms  of  investigation  of  medicinal  plants  in  the  Department  of  Agri- 
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culture — one  relating  particularh^  to  the  botanical  side  of  the  work  in 
the  discovery  and  introduction  of  new  and  useful  medicinal  plants 
within  the  jurisdiction  of  the  United  States,  and  the  other  in  establish- 
ing a  drug  laboratory  where  such  plants  can  be  analyzed  and  their 
medicinal  properties  determined.  Inasmuch,  therefore,  as  that  work 
has  been  recognized  by  Congress  as  a  part  of  the  official  work  of  the 
Department  of  Agriculture  I  move  the  following  resolution: 

Remlved,  That  a  referee  on  the  analysis  of  medicinal  plants  and  drugs  made  there- 
from be  appointed  by  this  association. 

Adopted. 

Mr.  Van  Slyke.  If  there  is  no  objection,  I  would  like  to  oflfer  two 
resolutions.  The  first  one  relates  to  a  request  to  be  made  of  the  secre- 
tary in  regard  to  printing  the  recommendations  that  are  passed  by  the 
association.  According  to  our  constitution  a  recommendation  which 
caiTies  with  it  a  change  of  method  can  not  be  acted  upon  finally  by  the 
association  until  the  members  have  had  an  opportunity  to  test  the 
method  as  modified.  That,  as  matters  now  stand,  practically  inv^olves 
a  postponement  of  a  year,  or,  practically,  two  years.  If  we  can  place 
in  the  hands  of  the  members  within  a  comparatively  short  length  of 
time  after  the  adjournment  of  each  meeting  the  results  of  the  associa- 
tion's work  in  the  form  of  recommendations,  there  will  be  an  opportu- 
nity to  test  these  methods,  and  the  time  of  adoption  will  be  hastened. 
I  therefore  move  the  following  resolution: 

Resolved,  That  the  secretary  be  requested  to  print  the  changes  in  methods  and 
instructions  reoonunended  by  the  association  and  distribute  them  to  the  members 
at  as  early  a  date  as  is  practicable. 

Adopted. 

Mr.  Van  Slyke.  The  other  resolution  I  have  in  mind  relates  to  the 
place  of  meeting  for  next  year.  The  constitution  provides  the  asso- 
ciation shall  determine  the  place  of  meeting.  I  move  that  the  execu- 
tive committee  be  authorized  to  select  a  place  of  meeting  next  year 
and  that  they  be  requested  to  consider  the  feasibility  of  having  that 
meeting  in  St.  Louis. 

The  executive  committee  already  has  the  power  to  determine  the  time. 
The  association,  unless  it  delegates  the  power  to  the  committee,  deter- 
mines the  place. 

Mr.  Huston.  As  a  resident  of  the  city  of  St.  Louis  I  feel  sure  you 
would  receive  a  very  cordial  welcome  if  you  should  meet  in  that  city. 
There  will,  of  course,  be  many  congresses  there  next  year,  and  our 
meetings,  if  armnged  to  accord  with  some  others,  would,  I  think,  be 
doubly  interesting.  The  Association  of  American  Fertilizer  Manu- 
facturers have  arranged  to  meet  there,  and  I  am  sure  the  meeting  will 
be  unusually  interesting  to  the  members  of  this  association,  as  it  will 
be  of  a  scientific  nature. 
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Mr.  Wiley.  We  have  a  good  precedent  for  this  action  in  the  two 
meetings  that  have  been  held  outside  of  Washington.  All  who  were 
present  remember  with  pleasure  the  Chicago  meeting  in  1903,  and  the 
San  Francisco  meeting  in  1899,  which  was  a  far  greater  success  in 
point  of  attendance  than  anyone  had  anticipated.  I  think  we  are 
rather  tardy  in  honoring  the  man  who  did  so  much  to  make  that  meet- 
ing a  success — our  president-elect,  Mr.  Jaffa.  I  am  heartily  in  favor 
of  the  suggestion  made,  and  am  sure  the  executive  committee  will 
be  glad  to  consider  the  suggestion  to  arrange  for  the  next  meeting  in 
St.  Louis. 

The  motion  of  Mr.  Van  Slyke  was  carried. 

Mr.  CoATES.  Have  any  steps  been  taken  to  secure  the  revision  of 
Bulletin  No.  46? 

Mr.  Wiley.  We  have  ready  for  mortising  or  resetting  many  of  the 
changes  that  have  been  made  since  Bulletin  No.  40  was  printed.  By 
reason  of  the  expense  of  resetting,  it  is  deemed  wise  to  wait  until  the 
methods  had  settled  into  more  definite  form.  You  all  know  how  rap- 
idly the  methods  were  changed  and  how  slowly,  fortunately,  they  are 
now  changed.  We  now  hope  to  issue  an  entirely  new  edition  of  Bul- 
letin No.  46  very  soon. 

The  President.  Is  it  the  intention  to  embody  in  the  revised  edition 
the  methods  as  published  in  Bulletin  No.  65  for  the  analysis  of  fotnis 
and  food  products? 

Mr.  Wiley.  We  might  do  that.  Some  of  these  methods,  however, 
are  only  offered  for  trial  and  could  hardly  be  made  official  or  even 
provisional. 

Mr.  BiGELOW.  It  might  be  well  to  have  an  expression  of  opinion  on 
this  point  by  the  association,  as  to  whether  it  would  be  desirable  to 
print  all  the  methods  together.  We  have  now  several  classes  of 
chemists  in  the  association;  many  of  the  experiment  station  chemists 
have  no  interest  in  the  food  methods,  except  perhaps  to  have  them 
accessible,  and  others,  belonging  to  the  boards  of  health  and  dairy  and 
food  commissions,  have  no  interest  in  the  other  methods,  such  as  those 
on  soils  and  fertilizers.  If  the  two  lines  of  work  are  published  together 
it  would  make  a  bulletin  of  about  250  pages.  At  the  same  time  there 
are  some  who  are  interested  in  both  lines  of  work.  Another  point  is 
that  the  food  methods  will  change  radically  and  in  detail  for  some 
time  to  come.  It  is  probable  that  they  will  not  be  in  a  shape  to  be 
adopted  by  the  association  finally  for  several  years. 

The  President.  Considering  the  remarks  of  Mr.  Bigelow  it  seems 
advisable  in  the  case  of  the  present  revision,  at  least,  to  print  the  food 
methods  separately.  I  would  like  to  have  an  expression  of  opinion 
from  other  members  of  the  association. 

Mr.  Morse.   I  should  prefer  to  have  them  separate.     It  is  more 
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convenient  on  account  of  the  size,  and  as  changes  are  sure  to  be  made 
in  the  food  methods  it  would  take  longer  to  get  these  into  print  if 
thej'  are  all  printed  together. 

Mr.  McDonnell.  It  seems  to  me  it  should  be  left  largely  in  the 
hands  of  the  Secretary.  From  what  has  been  said  it  appears,  however, 
to  be  more  convenient  and  better  in  every  way  to  have  two  bulletins. 

Mr.  Williams.  What  action  is  going  to  be  taken,  if  any,  with  refer- 
ence to  printing  the  Dancy  and  Battle  conversion  tables? 

Mr.  Wiley.  If  these  tables  are  offered  as  a  part  of  the  proceedings, 
they  will  be  published  as  such.  I  think  they  were  offered  by  the 
authors,  without  any  interest  in  the  copyright,  for  the  use  of  the 
association. 

Mr.  Williams.  They  only  asked  credit  for  their  work. 
*^    Mr.  McDonnell.  1  have  no  objection  to  printing  these  tables,  but 
I  think  those  printed  b}'^  the  Maryland  station,  which  I  have  submitted, 
are  more  compact  and  convenient,  and  it  might  be  well  for  the  associa- 
tion to  compare  the  two  before  printing. 

Mr.  Wiley.  As  the  constants  of  nature  are  constantly  changing  it 
might  be  well,  if  the  association  does  ask  for  the  publication  of  tables 
which  have  been  calculated  for  a  number  of  years,  to  recognize  the 
fact  that  a  number  of  new  elements  have  been  discovei-ed  during  that 
time  and  some  of  the  old  ones  have  been  reduced  in  dignity  and  some 
increased,  and  to  have  a  careful  revision  of  the  calculations  before 
printing  them. 

The  President.  I  would  suggest  that  a  committee  be  appointed, 
authorized  to  prepare  either  from  the  Dancy  and  Battle  tables  or  Mr. 
McDonnell's  bulletin  tables  for  publication  in  the  Proceedings. 

Mr.  Hardin.  Down  South  the  chemists  still  use  the  Dancy  tables 
for  nitrogen  and  phosphoric  acid.  The  potash  tables  we  have  not 
been  able  to  use  for  sevei-al  years,  as  a  new  factor  has  been  adopted. 
Most  of  us  prefer  the  form  of  these  tables,  and  I  think  myself  that 
they  are  the  best  that  have  ever  been  published.  But  in  getting  them 
up  again  they  would  have  to  be  revised. 

Mr.  Huston.  Perhaps  it  would  not  be  well  to  print  an}'^  of  these  right 
away.  There  is  an  excellent  set  of  tables  in  use  in  the  Indiana  labora- 
tory, calculated  by  Mr.  Jones,  which  brings  the  potash  up  to  the  pres- 
ent weight,  and  the  table  for  nitrogen  is  exceedingly  useful,  as  it  is 
based  on  the  official  methods  in  use.  A  committee  to  decide  what  tables 
should  be  published  would  be  very  useful.  I  am  quite  sure  that  the 
Indiana  tables  could  be  used,  either  in  whole  or  in  part,  if  acceptable 
to  the  committee. 

Mr.  Wiley.  I  move  that  the  president  be  requested  to  appoint  a 
committee  of  three,  of  which  Mr.  H.  B.  McDonnell  sha\\  be  tUe  cV\air- 
man,  to  consider  the  matter  of  publishing  in  the  Pro^..  X\Xi%^  ^^  ^^® 
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association  calculation  tables,  and  that  the  committee  be  authorized  to 
submit  its  report  to  the  secretary  of  the  association  with  i-ecommen- 
dation/' 

Adopted. 

Mr.  Wiley.  I  would  like  to  call  the  attention  of  the  association  to 
the  fact  that  this  is  a  record-making  meeting  in  the  point  of  attendance. 
Over  140  members  have  registered  during  the  convention.  This  shows 
what  a  vigorous  growth  the  association  is  now  having.  I  would  like 
to  say  a  word  as  one  of  the  Nestors  of  the  association,  with  a  record 
which  no  one  else  has,  of  having  been  present  at  every  meeting  since 
its  organization.  Whatwe  need  now  particularly  in  this  association  is 
the  more  vigorous  cultivation  of  skill  in  analysis.  Altogether  too  few 
of  our  members  take  part  in  the  referees'  work. 

There  are  two  benefits  which  accrue  to  every  member  of  the  associa- 
tion taking  part  in  the  work  of  the  referees;  one  is  the  benefit  he  confers 
upon  the  association,  and  the  other  the  benefit  he  will  confer  upon  him- 
self, because  if  he  be  in  any  way  inaccurate,  or  if  he  fail  to  reach  the 
standard  of  excellence  of  this  association,  he  will  be  certain  to  find  it 
out  the  moment  he  undertakes  collaborative  work  and  be  able  to 
correct  any  fault  he  may  have. 

In  the  establishment  of  standards  and  the  securing  of  data  for  out- 
lining methods  accuracy  is  absolutely  indispensable.  The  formation 
of  theories  is  not  a  difficult  thing  if  you  have  the  right  ba  .is;  and  I 
recall  especially  the  remarks  made  by  Professor  Crookes,  in  his  address 
before  the  Berlin  congress  last  June,  that  no  theory  of  any  kind  is  of 
any  value  unless  every  fact  which  is  to  be  correlated  in  that  theory 
finds  a  place  there.  And  so  it  is  that  in  the  great  discussions  of  the 
problems  relating  to  agricultural  chemistry  we  must  be  sure  first  of 
all  of  the  ground  on  which  we  stand. 

As  I  look  over  this  association  I  I'ealize,  what  we  see  everywhere, 
that  it  is  the  young  men  who  rule  the  world.  We  old  chaps  are 
altogether  in  the  minority.  Presumably  it  is  the  young  men  who 
need  the  training  most.  While  they  are  just  out  of  college  and  have 
done  a  certain  amount  of  practical  work,  they  have  not  had  the  neces- 
sary training  for  such  investigations,  and  I  especially  appeal  to  the 
young  men — and  to  the  voung  women  too,  because  we  are  seeing  evi- 
dences of  the  other  sex  breaking  over  into  our  ranks — I  earnestly  appeal 
to  them  to  take  an  active  part  in  the  work  of  the  referees.  I  would  not 
have  a  chemist  in  my  Bureau  who  would  not  take  part  in  this  referee 
work.  I  not  only  require  it  but  I  give  ever}^  opportunity  for  doing 
such  work.  I  would  say  to  the  trustees  of  every  station,  "Send  your 
chemists  to  the  meetings."  As  a  matter  of  fact  we  do  have  the  greater 
part  of  these  stations  represented,  but  they  ought  all  to  be  repre- 
sented, and  the  stiition  chemists  should  be  afforded  every  facility  to 

a  The  report  of  this  committee  is  given  on  page  220. 

Digitized  by  VjOOQIC      • 


219 

engage  in  collaborative  work.  The  Secretary  of  Agriculture  affords 
every  facility  to  the  chemists  in  the  Department  of  Agriculture  and 
encourages  them  to  engage  in  the  work  of  this  association.  Long 
before  it  was  made  by  Congress  his  advisor  he  did  that,  and  of  course 
he  is  still  more  interested  now.  We  are  the  only  association  of  this 
kind  that  has  any  official  standing  by  act  of  Congress,  and  therefore 
we  are  under  special  obligations  to  the  people  of  this  country  to  per- 
fect ourselves  in  everything  that  lies  at  the  foundation  of  our  science. 
So,  let  us  have  more  collaboration,  especially  among  the  younger 
members  of  the  association,  and  instead  of  two  or  three  people  report- 
ing results,  let  us  have  thirteen  or  fourteen,  even  if  four-fifths  of  them 
have  to  be  sent  back  as  not  fit  for  publication.     [Applause.] 

The  President.  I  appreciate  very  much  what  Doctor  Wiley  has 
said,  and  he  has  emphasized  certain  remarks  that  I  made  in  the  opening 
address.  It  is  very  regrettable  that  our  referees  have  so  little  coop- 
eration in  their  work.  Ever}'  individual  of  this  association  ought  to 
make  it  his  business  to  do  some  work  on  one  of  the  subjects  under 
consideration,  and  I  think  the  time  is  coming  when  those  who  do  not 
will  be  considered  as  deadwood  in  the  association. 

I  also  wish  to  call  special  attention  to  another  point  which  I  think 
has  been  mentioned  in  regard  to  the  sugar  work.  This  is  the  gradua- 
tion of  the  volumetric  apparatus  at  too  low  a  tenii^erature,  15.5^.  I 
think  something  should  be  done  toward  having  the  graduation  made 
at  some  temperature  more  suitable  to  that  of  our  laboratories. 

Is  the  committee  on  resolutions  ready  to  report? 

Mr.  McDonnell.  In  the  absence  of  the  chairman  of  this  committee, 
I  move  that  the  secretary  extend  to  the  officers  of  Columbian  Uni- 
versity, the  Cosmos  Club,  and  to  the  Secretary  of  Agriculture  our 
thanks  for  the  courtesies  extended  to  the  association. 

Adopted. 

Mr.  BiGELOW.  Mr.  Walter  Bernays  has  asked  me  to  call  the  atten- 
tion of  the  association  to  the  fact  that  no  effort  has  been  made  as  yet 
to  establish  methods  for  the  examination  for  disinfectants,  and  it  is 
a  subject  with  which  the  boards  of  health  are  having  nmch  trouble, 
and  they  would  like  to  have  it  taken  up.  It  is  a  question  whether 
this  subject  would  come  within  the  province  of  the  association,  and 
some  expression  of  opinion  is  desired  as  to  whether  it  would  be  desir- 
able to  consider  it. 

Mr.  CoATES.  A  few  years  ago  there  was  a  yellow   -JeV©^  scare  in  a 
town  in  Louisiana,  and  the  place  was  flooded  with  V^Wc^^^^  powder. 
I  analyzed  some  of  it  and  found  it  contained  less   -^^v    v\^  ^^  c^t^t  ot 
available  chlorin,  and  could  not  find  any  specirr^         .^  lo''^^  ^\\\viYv 
contained  more  than  that.     This  question  is  going  t\^;  ^^     vvot<&^^^^^^^ 
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important  as  time  goes  on,  and  I  would  like  very  much  to  see  Mr. 
Bigelow'S  suggestion  acted  upon. 

Mr.  BiGELOW.  1  move  that  a  referee  be  appointed  to  take  up  this 
question. 

Mr.  Haywood.  As  we  have  a  number  of  reporters  now  and  have 
just  created  a  new  one  on  dinigs,  it  seems- hard l}'^  necessary  to  appoint  a 
referee  for  this  special  work.  The  work  would  be  very  much  along 
the  line  of  our  present  investigations  on  insecticides.  I  think  it  would 
be  better  to  refer  this  subject  to  the  referee  on  insecticides,  and  there- 
fore offer  an  amendment  to  the  effect  that  the  establishment  of  methods 
for  the  analysis  of  disinfectants  be  referred  to  the  referee  on  insecti- 
cides and  fungicides. 

Mr.  BiGELOw.  I  accept  the  amendment. 

The  motion  as  amended  was  passed. 

The  President.  Is  the  chairman  of  Committee  A  on  recommenda- 
tions, read}'  to  report  i 

EEPOET  OF  COMMITTEE  A  ON  BEOOMMEKDATIONS. 

B.  L.  Hartwell,  Chairman. 

(Phosphoric  acid,  potash,  nitrogen,  soils,  ash,  and  insecticides.) 

1.  Phosphoric  Acid. 

No  recommendations  were  made  by  the  referee,  and  those  made  by  the  associate 
are  practically  covered  by  the  recommendations  on  soils. 

2.  Potash. 
It  is  recommended — 

1.  That  the  question  of  the  further  trial  of  the  modification  recjuiring  a  slightly 
acid  solution  and  neutralization  with  sodium  hydroxid  l)e  left  to  the  discretion  of 
the  referee.     (Adopted.) 

2.  That  the  association  take  some  ac^tion  to  ascertain  whether  the  members  desire 
to  determine  moisture  in  potash  salts  by  drying  at  a  stated  temperature  or  by  igni- 
tion, and  that  the  study  of  the  method  thought  most  desirable  l)e  continued  with  a 
view  to  obtaining  more  concordant  results  for  wat«r  in  potash  salts. 

(The  committee,  without  action,  presented  paragraph  2  to  the  association,  which 
referred  the  whole  question  to  the  referee  for  1904.) 

On  motion  by  Mr.  Ross,  the  association  adjourned  at  12.50  imtil  2 
o'clock,  the  report  of  Committee  A  to  be  completed  at  the  aftenioon 
session. 

SATUEDAY— AFTEENOON  SESSION. 

The  President.  On  the  committee  to  report  to  the  secretary  on 
calculation  tables,  of  which  Mr.  McDonnell  is  the  chairman,  I  will 
appoint  Mr.  Williams  and  Mr.  Ross. 

BEPORT  OF  THE  COMMITTEE  ON  OONVEBSIOlSr  TABLES. 

[The  following  letter  was  submitted  to  the  secretary  of  the  sussociation,  in  accord- 
ance with  the  resolution  passed,  together  with  the  tables  selected.     It  was  not  clear. 
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however,  from  the  instructions  given,  whether  the  association  desired  the  secretary 
to  take  action  on  the  report  of  the  committee  and  puhlish  the  tahles  recommended 
or  merely  to  receive  the  report;  and  further,  there  seemed  to  be  a  difference  of 
opinion  as  to  whether  the  tables  were  to  be  printed  in  the  revised  edition  of  Bul- 
letin 46,  on  Methods  of  Analysis,  or  in  the  Proceedings.  In  view  of  these  facta  the 
secretary  submits  the  report  herewith  and  holds  the  tables  recommended  for  the 
action  of  the  association  at  the  meeting  of  1904.     H.  W.  W.] 

College  Park,  Md.,  Fehruury  17 ,  1904, 
Dear  Sir:  On  behalf  of  the  committee  appointed  by  the  Association  of  Official 
Agricultural  Chemists,  consisting  of  Mr.  B.  B.  Ross,  Mr.  C.  B.  Williams,  and  myself, 
to  select  conversion  tables  for  puljlication  in  the  Methods  of  Analysis,  I  beg  to  report 
that  a  majority  of  the  committee  have  decided  to  recommend  McDonneU's  tables, 
but  think  that  in  view  of  the  fact  that  the  atomic  weights  have  been  revised  since 
the  tables  were  first  published,  making  slight  changes  in  the  factors,  tht'y  should  be 
recalculated  and  a  protein  table  added.  This  I  have  done  with  the  assistance  of 
Messrs.  R.  H.  Kerr  and  William  R.  Wharton.  The  revised  tables  are  sent  herewith. 
Very  respectfully, 

H.  B.  McDonnell, 
Cliairmnn  Committee  on  Conrersion  Tahles. 

Mr.  Wtnton.  Referring  to  Mr.  Hillebrand's  report  of  this  morning 
I  wi.sh  to  move  the  follow! ngf  resolution: 

Resolved,  That  the  Chair  be  instructed  to  appoint  a  committee  from  this  association 
to  cooperate  with  the  committee  of  the  American  Chemical  8(x;iety  in  the  matter  of 
testing  chemicals  for  purity. 

Adopted. 

The  President.  I  will  appoint  Mr.  Kebler,  Mr.  Winton,  and  Mr. 
Kilgore  on  this  committee. 
The  report  on  tannin  will  now  be  received. 

EEPOBT  ON  TAKirar. 

By  G.  A.  Kerr,  Referee. 

Pursuant  to  the  recommendations  made  in  1902,  the  referee  sent  to  16  cheiiusts 
samples  of  fluid  chestnut  and  solid  fjue!)racho  extracts  for  the  purjxjse  of — 

(1)  Confirming  the  use  of  a  single  filter-pai)er  in  determining  soluble  solids. 

(2)  Investigating  the  Proctor  correction  for  filter  paper-absorption,  as  adopted  l)y 
thel.A.L.T.C. 

(3)  Ascertaining  the  effect,  if  any,  of  using  a  sjiccified  dilution  in  comparison  with 
the  variation  now  allowed  bv  the  official  method. 

Samples  of  acidified  hemlock  li(|uor  were  also  sent  out,  for  the  purpose  of  further 
testing  the  present  provisional  method,  and  also  an  experimental  method,  suggested 
by  W.  H.  Teas,  for  the  determination  of  acids  in  tanning  liquors. 

An  effort  was  made  by  the  referee  to  procure  a  dry  chromed  hide  powder  for  com- 
parison with  the  present  wet  hide  powder  method,  but  this  effort  was  unsuccessful 
owing  to  the  impossibility  of  procuring  in  time  for  this  year's  work  ft  ^^^^®  \>owder 
which  could  be  dried  with  the  retention  of  its  absorptive  qualiti^^. 

Study  I. 

Instructions  were  given  to  determine  the  total  solids,  soluble  \A^^^^  Ik 

in  samples  No.  1  and  No.  2,  by  the  association  method. «    '^K^>.^^^\^'^^     X'^^'^^^ 
contained  in  Table  I.  ^      >wrv^>^^^  — 
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Tabi.e  I.  — Detemi maiionA  oftoixtl  and  soluble  /tolidir  and insolubles  hy thfprorisianal  method. 


I 


Chestnut  extract  (A). 


Quebracho  extract  (B). 


No.  of  determlnfltioTi. 

Total 

BOlWs. 

Soluble 
solidH. 

_ 

Per  ceiit. 

ln.»«olublefl. 
Per  eent. 

Total 
solids. 

Soluble 
solids. 

In.^olubles. 

Per  cent. 

Per  caiL 

Per  enit. 

Per  rent. 

1. 

37.16 

36.18 

0.98 

86.61 

79.56 

7.05 

2. 

37.43 

36.40 

1.03 

87.61 

81.  S5 

5.06 

3. 

37.62 

86.92 

.70 

88.49 

82.00 

6.49 

4. 

37.01 

36.15 

.86 

86.99 

81.80 

5.19 

6. 

37.78 

86.69 

1.09 

-      87.50 

82.30 

5.28 

5 

37.42 
37.20 
37.73 

86.35 
36.14 
36.ft'> 

1.07 
1.06 

.78 

86.76 

86.56 
88.72 

80.48 
79.82 
81.12 

6.28 

7 

6.73 

8. 



7.60 

9. 

37.69 
36.37 
38.87 

36.43 
35.16 
36.88 

1.26 
1.21 
1.49 

88.55 
86.35 
85.09 

81.57 
80.28 
78.91 

6.98 

10      .            .... 

6.07 

11..     _. 

6,18 

Average 

37.43 

36.38 

l.(M 

87.20 

80.85 

6.35 

Maximum 

3S.37 

36.95 

1.49 

88.72 

82.30 

7.60 

Minimum 

Greatest  difference,... 
Greatest  varljition  from 

36.37 

aM6 

.70 

85.09 

78.91 

.5.19 

2.00 

1.79 

.79 

3.  (a 

3.89 

2.41 

average      

1.06 

1.22 

.44 

2.11 

1.94 

1.24 

In  the  soluble  polids  column,  chestnut  extract  (A),  the  greatest  difference  from  the 
average  quantity  of  soluble  solids  found  by  11  analysts  is  3.36  per  cent  of  the  whole. 
In  the  queV)racho  extract  (B)  it  is  2.39  i)er  cent.  While  these  figures  confirm  laat 
year*8  work  with  reference  to  the  adoption  of  the  single-filter  paper  for  filtration  of 
soluble  solids,  they  do  not  convey  an  adequate  idea  of  the  variation  between  the 
highest  and  lowest  percentage  of  soluble  solids  found  by  the  different  analysts. 

Under  A  the  greatest  variation  is  1.79  per  cent,  and  under  B,  3.39  per  cent.  When 
it  is  considered  that  these  differences  have  a  direct  bearing  upon  the  tannin  figure, 
the  weakness  of  the  present  method  of  determining  soluble  solids  is  very  apparent. 

An  examination  of  the  colunms  giving  total  solids  and  insolubles  reveals  a  condi- 
tion equally  unsatisfactory,  and  makes  the  seat  of  trouble  somewhat  uncertain,  com- 
mencing as  it  does  with  a  variation  of  over  5  per  cent  and  4  per  cent  in  the  total 
solids  columns,  and  ending  with  one  of  112  per  cent  and  37  per  cent  in  the  insoluble 
columns,  the  indication  would  seem  to  be  that  the  entire  method,  as  applie<l  to  these 
items,  needs  revision. 

From  personal  observation  and  the  comments  of  the  collaborators  in  this  work  the 
referee  is  of  the  opinion,  however,  that  the  metho<i  is  not  entirely  accountable  for 
the  differences  in  results,  as  it  has  been  demonstrated  that  with  close  attention  to 
detail  of  manipulation  and  operation  much  more  concordant  figures  than  the  above 
can  he  obtained.  Attention  is  especially  called  to  the  necessity  for  protecting  fluid 
extracts  against  loss  by  evaporation  while  weighing  same  for  dilution;  this  also 
applies  to  the  absorption  of  moisture  by  pulverized  dry  extracts. 

The  drying  of  residues,  and  the  loas  fn)m  evaporation  that  ensues  during  the  filtra- 
tion of  soluble  solids,  also  require  closer  attention.  The  error  from  the  latter  cause 
is  much  greater,  apparently,  than  has  been  supi)osed,  and  the  referee  would  recom- 
mend that  as  a  specific  means  of  guarding  against  it  the  following  be  embodied  in 
Paragraph  IV,  Soluble  solids,  ^  of  the  method:  *'To  guard  against  loss  by  evapora- 
tion, flasks  receiving  filtered  liquor  shall  be  stopj)ered  with  a  perforated  rubber  stop- 
per, and  the  funnel  stem  inserted  through  perforation.     Funnels  shall  be  covered 
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during  filtration  with  a  glass  plate,  having  an  orifice  only  sufficiently  large  to  admit 
air  required  by  displacement  of  liquor." 

It  is  further  recommended  that  the  last  sentence  of  Paragraph  II,  Quantity  of 
material, «  be  changed  to  read:  "In  the  case  of  extract  weigh  in  weighing  bottle 
fitted  with  ground-glass  stopper,  such  quantity,  etc." 

Mr.  Veitch  makes  the  following  comment: 

I  have  never  been  satisfied  that  the  change  from  the  double  filter  to  a  single  one, 
was  a  wise  one,  owing  to  the  fact  that  kaolin  is  so  apt  to  run  through  a  single  paper. 
It  has  usually  been  my  experience,  even  after  rejecting  the  prescribed  volume  of 
liquor,  that  some  kaolin  still  passes  through,  and  may  m  best  seen  by  carefully  tilt- 
ing the  flask  in  which  the  filtrate  is  received. 

Study  11. 

This  experiment  consists  of  a  trial  of  the  filter  paper  absorption  correction  as  sug- 
gested by  Mr.  Proctor  and  adopted  by  the  I.  A.  L.  T.  C.  The  following  instructions 
are  copied  verbatim  from  the  official  method  of  the  above  association,  except  that 
the  method  of  filtration  was  carried  out  according  to  the  method  of  this  association. 

(a)  To  determine  the  correction,  filter  clear  about  500  cc  of  the  tannin  solution, 
of  the  strength  prescribed  for  analysis.  After  thoroughly  mixinp,  50  cc  is  to  be 
evaporated,  to  determine  soluble  solids  (1).  A  portion  of  the  remainder  is  then  to 
be  Altered  in  precisely  the  same  manner  as  for  (1),  and  50  cc  of  the  filtrate  is  to  be 
evaporated  for  soluble  solids  (2) . 

(6)  Deduct  (2)  from  (1)  and  the  difference  found  is  the  correction  which  must  be 
added  to  the  soluble  solids  (1)  to  give  the  corrected  soluble  solids. 

(c)  In  proceeding  with  these  filtrations  use  2  grams  (weighed)  of  kaolin,  which  is 
first  to  be  washed  with  75  cc  of  the  liquor  by  decantation  and  then  washed  onto  the 
filter  with  a  further  quantity  of  liquor;  reject  the  first  150  cc  which  passes  through 
in  each  filtration.     Keep  the  filter  full  and  guard  against  evaporation. 

The  results  of  this  study  are  given  in  Table  II. 

Table  II. — Detnnninaiion  of  correction  for  soluble  solidn. 


Chostmit  extract 


Quebracho  extract. 


Determinations. 


Average 

Maximum  ... 
Minimum 

Greatest  dif- 
ference   

Greatest  vari- 
ation from 
average 


Total 
solids. 


1  

Per  ct. 
37. 35 

2 

37.43 

3 

4 

37.63 
36.37 

5  

36.^0 

6 

37.78 

7 

37.42 

8 

9     

37.37 
37  45 

10 

37.64 

11 

12 

37.33 
37.78 
36.37 
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The  foregoing  results  indicate  the  necessity  of  having  ultimately  a  correction -unleas 
a  nonabsorbent  filter  paper  is  secured  or  the  filter  paper  now  in  use  can  be  thoroughly 
tanned  by  the  liquor  passing  through  before  the  portion  necessary  for  evaporation  is 
taken.  At  present,  however,  it  is  plain,  especially  in  the  case  of  quebracho  extract 
in  Table  II,  that  the  method  employed  to  ascertain  this  correction  augments  to  an 
exaggerated  extent  the  error  already  existing  in  the  determination  of  soluble  solids, 
which  has  the  same  bearing  on  the  tannin  content  as  the  correction  is  intended  to 
have.  In  consideration  of  this  condition  the  referee  would  suggest  that  until  more 
uniform  results  are  obtained  on  the  items  under  discussion  further  experiments  in 
this  line  be  deferred. 

In  both  cases  the  differences  cover  a  wider  range  than  in  Table  I,  but  with  the 
quebracho  extract  in  Table  II  the  differences  are  abnormal.  It  seems  to  be  the  con- 
sensus of  opinion  that  this  difference  is  largely  due  to  Ions  from  evaporation  during 
the  extended  length  of  time  required  to  filter  the  necessary  quantity  of  liquor  for  the 
determination.  In  this  connection  it  is  interesting  to  note  that  the  precautions 
employed  by  the  various  analysts  to  guard  against  evaporation  <lo  not  seem  to  have 
been  very  effective,  which  fact  emphasizes  the  necessity  of  adopting  specific  means 
for  its  prevention,  as  suggeste<l  by  the  referee  in  discussing  the  first  experiment. 
The  analys<ts  make  the  following  comments: 

Mr.  Veitch. — From  the  results  of  studies  1  and  2  it  appears  that  the  absorptive  power 
of  the  filter  is  not  satisfied  by  filtering  150  cc  of  solution.  This  is  particularly  apparent 
in  the  case  of  quebracho. 

Mr.  Mosbaugh. — Just  after  Mr.  Proctor  published  the  method  I  gave  it  some  atten- 
tion, and  obtained  satisfactory  results  in  all  extracts  with  the  exception  of  solid 
quebracho.  Nevertheless  I  am  in  favor  of  its  being  adopted,  as  it  is  well  known  that 
filter  paper  absorbs  more  or  less  tannin  and  tiiis  method  of  correction  apparently 
remedies  the  evil. 

Mr.  Reed. — Personally  I  am  not  in  favor  of  the  method. 

Mr.  Teojf. — I  think  the  evaporation,  taking  place  during  filtration,  accounts  for  the 
high  soluble  solids. 

Study  III. 

For  the  third  study  the  following  instructions  were  given;  results  will  be  found  in 
Table  III: 

Using  official  samples  Nos.  1  and  2  determine  total  solids,  soluble  solids,  and 
insolubles  in  each  according  to  the  provisional  method,  except  as  to  dilution. 

(a)  For  dilution  of  sample  No.  1  use  exac'tly  l.()  grams  per  100  cc. 

(b)  For  dilution  of  sample  No.  2  use  exactly  O.G  grams  per  100  cc. 

Weigh  out  the  portion  of  sample  No.  1  for  dilution,  in  a  covered  vessel,  to  guard 
against  evaporation.  It  is  preferable  to  weigh  out  approximately  the  quantity 
required  and  dilute  so  that  each  100  cc  will  contain  l.f>  grams  of  the  extract 

It  having  bet»n  suggested  to  the  referee  that  the  range  of  variation  in  the  quantity 
of  tannin  admissible  in  dilutions  according  to  the  association  method  was  too  great 
to  give  uniform  results  (there  being  a  difference  of  over  28  per  cent  between  maxi- 
mum and  minimum),  this  experiment  was  undertaken  to  determine,  by  comparison 
with  Table  I,  the  value  of  results  obtained  by  using  a  specific  quantity  of  total  solids. 
Comparing  these  tables,  we  find  the  results  to  be  in  favor  of  the  specified  quantity 
test;  slightly  so  in  sample  1,  Table  III,  but  more  markedly  so  in  sample  2. 

The  improvement  will,  perhaps,  scarcely  justify  any  change  in  the  official  method 
for  the  present,  but  the  referee  would  suggest  that  the  experiment  be  repeated  with 
varying  quantities  of  extract  until  it  is  ascertained  whether  or  not  the  total  solids 
contained  by  an  extract  form  a  better  basis  for  dilution  than  the  assumed  tannin 
content.  As  there  ia  evidently  some  error  in  drying  residues,  caused  by  the  vary- 
ing quantity  of  total  solids  in  different  dilutions,  it  seems  to  the  writer  that  it  would 
be  easier  to  adjust  the  quantity  of  residue  to  l)e  dried  to  meet  the  present  conditions 
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governing  drying  than  to  alter  the  method  of  drying  to  suit  the  difference  in  quantity 
of  residue  obtained  by  the  association  method  now  in  use,  inasmuch  as  this  item  iias 
been  more  thoroughly  worked  out  than  any  other  in  tannin  analysis,  excepting  non- 
tannins. 

Tablb  111. — Determinations  by  association  method  vrith  modifications  as  to  dUtUion. 


Determinations. 

(eheatnut 

Sample  1 

extract,  16  grams  per 
liter). 

Sample  2 

(quebracho  extract,  6  grams  per 

liter). 

Total 
nolidM. 

Soluble 
fiolids. 

Insolubles.!      ^oUl 

Soluble 
solids. 

Insolubles. 

1 

Percent. 
37.31 

Per  eeut. 
36.26 
36.16 
35.  Z} 
37.06 
36.70 
36.09 
36.00 
36.27 
86.49 
86.87 
36.60 
36.68 

Percent. 

1.06 

.79 

.99 

.68 

1.08 

.80 

1.25 

1.08 

1.14 

.78 

1.05 

1.31 

Per  cent. 
87.31 
86.75 
88.63 
88.35 
87.60 
86.50 
86.83 
«6.80 
87.58 
88.83 
88.88 

Percent. 
81.28 
79.61 
80.76 
81.41 
81.87 
80.51 
80.66 
79.87 
80.56 
82.07 
81.37 

Percent 
6.03 

2 

36.95 
36.22 
37.74 

7.14 
6.54 
6.94 

37.73 
86.89 

6.73 

6.99 

7 

37.26 

6.17 

37.30 
37.68 
37.65 
37.65 
37.97 

6.98 

7.02 

10 

6.76 

11 

7.61 

12..... 

A  YPTfkge 

37.36 
37.97 
36.22 

36.36 
37.06 
35.23 

.99 
1.31 

.68 

87.43 
88.88 
86.30 

80.90 
82.07 
79.61 

6.62 

Maximum 

7.61 

Minimum 

6.44 

Greatest  difference .... 

1.75 

l.«3 

.(W 

2.68 

2.46 

2.07 

Greatest  variation 
from  average 

l.H 

1.13 

.31 

1.45 

1.29 

1.0B 

Study-  IV. — Acidity  of  Liquors. 

For  these  experiments  a  sterilized  neutral  hemlock  liquor  (specific  gravity  1.015),  to 
which  0.15  per  cent  of  acetic  acid  had  been  added,  was  sent  out,  and  analysis  requested 
by  the  following  methods: 

(a)  By  provisional  method,  paragraph  8,  circular  No.  8  revised.  Bureau  of 
Chemistry. 

(6)  To  100  cc  of  diluted  liquor  (prepared  as  in  the  provisional  method)  add  2.5 
grams  chemical  pure  animal  charcoal,  ntir  every  fifteen  minutes  for  two  hours,  filter, 
and  titrate  an  aliquot  portion  with  N/10  alkali.     For  results  see  Table  IV. 

Table  IV. — Total  acidity  of  liquors  as  acetic  acid. 


DetermiiiatiouK. 


Provi- 
sional 
'  method. 


Experi- 
mental 
method. 


23U9— No.  81—04- 


-15 
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Tablk  IV. — Total  acidity  ofliipiort  as  acetic  acid — ('oiitinueil. 


I    Provi- 
De terminations.  i    slonal 

method. 


'  Percent. 
10 *      0.170 


Experi- 
mental 
method. 


Per  rent. 
-0.120 


11 ■        .180    I  .120 


12 .148 


Average I 

.161 
Minimum '       .135    ,  .105 


.140 


I 


Greatest  difference 060 


Greatest  variation  from  avera^re .0318  I  .0818 


It  will  be  noted  that  the  provisional  method  gives  results  alx>ut  11  per  cent  higher 
than  theory,  and  the  experimental  method  the  same  amount  lower. 

By  referring  to  Table  IV  in  the  referee's  report  for  1902  «  it  will  be  seen  that  practi- 
cally the  same  results  were  obtained.  The  percentage  of  variation  from  the  average 
is  very  similar,  although  the  liquor  for  1902  evidently  contained  about  twice  as  much 
acid  as  that  sent  out  this  year. 

In  the  opinion  of  quite  a  number  of  analysts  this  provisional  method  of  determin- 
ing the  acidity  of  liquors  is  very  satisfactory  in  tannery  practice,  for  which  it  is  almost 
exclusively  used,  especially  as  to  the  concordance  of  the  results  obtained.  Notwith- 
standing this  the  referee  would  suggest  that  further  experiments  be  conducted  with 
reference  to  the  loss  of  acid  presumably  held  or  neutralized  by  the  charcoal  in 
method  *'b." 

COMMENTS  OF  ANALYSTS. 

Mr,  Mosbaugh. — ^The  acid  determination  I  find  does  not  cover  the  range  of  liquors 
found  in  sole-leather  yards.  While  the  results  obtained  are  conconlant  and  uniform, 
the  method  is  not  applicable  to  liquors  higher  in  specific  gravity  than  1.030.  As  it  is 
sometimes  necessary  to  determine  the  acidity  of  the  new  as  well  as  of  the  sapped 
liquors,  it  is  impossible  to  get  a  filtrate  sufficiently  clear  for  titration,  unless  a  weaker 
dilution  is  made  or  more  charcoal  used,  and  in  either  case  the  results  are  not  as  satis- 
factory as  when  the  same  amount  of  charcoal  is  used.  I  find  that  by  carefully  using 
gelatine  in  connection  with  charcoal  very  good  results  are  obtained  and  approxi- 
mately the  correction  as  used  for  charcoal  method  holds  out. 

Mr.  Saiv'^ll. — In  titrating  liquor  in  Study  IV  I  usefl  for  the  alkali  sodium  hydrate, 
checking  with  limewater.  I  do  not  get  good  results  when  using  N/10  soda,  and  of 
the  three  alkalis  prefer  limewater. 

Good  re8ult43  are  obtained  by  using  2  to  2.5  grams  of  charcoal  and  ninning  in  a 
shaker  for  from  to  two  to  three  minutes.  Decolorization  is  satisfactory.  The  best 
concentration  is  0.2  to  0.25  grams  of  tannin  per  100  cc  of  tan  liquor. 

In  addition  to  the  determinations  prescribed  in  Study  IV,  Mr.  Reed  also  deter- 
mined the  acidity  with  charcoal  furnished  by  last  year's  referee  (Mr.  Teas),  with  the 
following  results: 

(a)  Provisional  metho<l:  2.75  cc  N/10  sodium  hydrate  to  neutralise  40  cc;  of  solu- 
tion.    Total  acidity  =  0.206  per  cent  as  acetic  acid. 

{h)  Cold  charcoal  method:  2.25  cc  N/10  wxliuin  hydrate  to  neutralise  40  cc  of  solu- 
tion.   Total  acidity  =  0. 169  per  cent  as  acetic  acid. 

.    Method  (a)  using  2,5  grams  of  charcoal  furnished  by  this  year's  referee,  instead  of 
two  grams  as  provided,  gave  a  clearer  filtrate  in  the  former  than  in  the  latter  case; 
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2.3  cc  N/10  sodium  hydrate  to  neutralise  40  cc  of  solution.     Total  acidity  =  0.173 
per  cent  as  acetic  acid. 

Method  (a) :  2  grains  of  charcoal  =  0.195  per  cent  total  acidity. 

Method  (a):  2.5  grams  of  charcoal  =  0.173  i)er  cent  total  acidity. 

Loss  duo  to  0.5  gram  of  charcoal  =  0.22  per  cent  total  acidity. 

Loss  due  to  2.0  grams  of  charcoal  =  0.88  per  cent  total  acidity. 

Corrected  total  acidity  =  0.195  per  cent +0.088  per  cent  =  0.283  per  cent. 

Kbcokmbndations. 

The  only  recommendations  are  those  given  under  Study  I,  page  222.  Suggestions 
as  to  future  work  are  also  made  under  the  several  studies. 

Mr.  Stilwell.  I  would  like  to  suggest  that  9  hours'  exti'action  be 
made  official.  In  ordinary  tannety  practice  it  does  not  seem  advisable 
to  extend  the  time  very  much  over  8  hours,  though  I  think  that  10  hours 
is  about  the  normal  piuctice  at  present.  There  is  a  tendency  in  some 
portions  of  the  trade,  however,  to  extend  the  time  of  leaching  consid- 
erably. By  continuing  the  extraction  for  24  houra  or  longer  very 
different  results  are  obtained.  As  10  hours  is  about  the  general  prac- 
tice, I  think  approximately  that  figure  could  be  inserted  in  the  method 
without  any  difficulty. 

Mr.  VErrcH.  I  am  heartily  in  favor  of  what  has  been  said;  in  tan- 
nery practice  10  hours  is  sufficient.  But  the  point  I  want  to  make, 
Mr.  President,  is  that  it  is  not  wise  for  us  to  adopt  any  change  with- 
out first  trying  it. 

Mr.  Stilwell.  I  agree  to  that.  Ten  hours  is  the  noniial  practice 
at  present.  At  the  same  time  1  am  rather  anxious  to  secure  some 
action  prohibiting  anything  over  24  hours'  leaching. 

Mr.  Veitch.  This  discussion  will  put  the  matter  on  a  good  basis 
until  some  action  can  be  taken.  The  unnecessary  prolonging  of  the 
extraction  should  be  stopped. 

The  President.  The  question  is  referred  to  Committee  B  foj  con- 
sideration as  to  the  advisability  of  referring  the  whole  matter  to  the 
referee  for  investigation. 

The  report  of  Committee  A  on  recommendations,  is  in  order. 

BEPOBT  OF  COMMITTEE  A  ON  BEOOMMENDATIONS  (Oontinned). 

B.  L.  Hartwell,  Chairman. 

3.  Nitrogen. 

determination  ok  nitrocjen. 
It  is  recommende<i — 

1.  That  in  the  provisional  neutral  i)ernianganate  metho<l  the  first  two  lines  be 
changed  to  read  as  follows: 

Into  a  300  cc  low  form  Griffin  beaker  wei^h  2  grams  of  the  sample  ^^  {xow^  a  mixed 
fertilizer;  if  from  concentrated  material  use  a  quantity  containii^L  «r)proT^^"^*^^y 
0.075  gram  of  nitrogen. «  "    " 

2.  That  the  study  of  methcRls  for  the  determination  of  avaiia\:>\  ^\C  vv\VTo\g,^ii 
be  continued.                                                                                            ^   Qt^  ._ 

«  U.  S.  Dept  Agr.,  Bureau  of  Chemistry,  Bui.  No.  67,  p.  77,  ov.  >^        y-^  *\%^'^^ 
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SEPAKATION   OF   NITBOGENOUS  BODIEB. 

MUk  and  cheese  proteids. 
It  is  recommended— 

1.  That  the  method  given  [in  the  referee's  report,  page  91]  for  the  separation  and 
determination  of  casein  monolactate  and  casein  dilactate  be  adopted  as  a  provisional 
method. 

Vegetable  proteids. 

1.  That  Mr.  Harcourt's  report  on  vegetable  proteids  be  included  in  the  printed 
proceedings. 

Meat  proteidif, 

1.  That  the  following  methods  be  given  farther  trial  by  the  association:    . 
Phosphotungstic  acid  alone  in  hot  and  cold  solutions. 
Phosphotungstic  acid,  followed  by  bromin. 

Phosphotungstic  acid,  followed  by  zinc  sulphate. 
Tannin  salts,  followed  by  zinc  sulphate. 

2.  That  the  method  for  precipitation  by  bromin  alone,  and  by  bromin  in  the  fil- 
trate frcm  zinc  sulphate,  be  discontinued. 

4.  Soii^. 
It  is  recommended — 

1.  That  in  the  continuation  of  the  work  on  methods  for  available  phosphoric  acid 
the  referee  compare  greater  concentrations  than  N/200  acid. 

2.  That  the  recommendation  calling  for  a  continuation  of  the  work  on  the  solu- 
bility of  phosphoric  acid  and  potash  in  the  different  soil  layers  and  for  an  investiga- 
tion of  methods  for  determining  total  phosphoric  acid  be  left  to  the  discretion  of  the 
referee. 

3.  That  the  method  outlined  in  the  referee's  report  (p.  145)  for  the  analysis  of 
the  water-soluble  portion  of  alkali  soils  be  given  further  study  before  its  adoption  as 
a  provisional  method. 

4.  That  on  page  72,  under  4  (a),  acid  digestion  of  the  soil,  for  the  words  ''and 
again  evaporate  to  complete  dryness"  substitute  the  following:  Filter,  wash  free  of 
chlorids,  and  again  evaporate  to  complete  dryness  as  before. 

5.  That  on  page  74,  under  4  (g),  determination  of  phosphoric  acid,  the  official 
method  given  be  marked  "(a)"  and  the  following  optional  provisional  method  be 
inserted  as  ( b) : 

(b)  Optioned  provisional  method:  Proceed  as  in  (a)  **  until  all  the  phosphoric  acid  is 
precipitated,*'  and  then  finish  the  determination  as  follows: 

After  standing  for  three  hours  at  a  temperature  not  above  50°,  filter  on  a  small 
filter,  wash  with  water  until  two  fillings  of  the  filter  do  not  greatly  diminish  the 
color  produced  with  phenolphthalein  by  one  drop  of  standard  alkali.  Place  the  filter 
and  precipitate  in  the  beaker  and  dissolve  in  standard  alkali,  add  a  few  drops  of  phe- 
nolphthalein solution  and  titrate  with  standard  acid,  1  cc  of  which  equals  0.0005  gram 
of  phosphoric  acid  (P.2O5). 

6.  That  on  page  74,  4  (h),  the  word  "available"  be  omitted  from  the  heading 
** Provisional  method  for  the  determination  of  available  phosphoric  acid." 

7.  That  on  page  76,  paragraph  10,  determination  of  humus,  the  tenth  line,  the  sen- 
tence beginning,  "The  supernatant  liquid  is  filtered,  etc.,"  shall  be  changed  to  read 
as  follows:  "The  supernatant  liquid  is  filtered,  and  the  filtrate  must  be  perfectly 
clear  and  free  from  turbidity;  evaporate  an  aliquot  portion,  dry  at  100°,  and  weigh," 

8.  That  the  retiring  referee  be  instructed  to  make  such  verbal  corrections  in  the 
methods  as  these  changes  will  involve,  and  submit  them  to  the  secretary  for  approval 
and  publication. 
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W.  A.  Withers.  Remlved,  That  t)K>  referee  on  Boils  be  requested  to  test,  if  possible, 
the  value  of  proi)ose<l  methods  for  comparing  the  ability  of  different  soils  to  support 
the  growth  of  nitrifying  organisms  when  the  conditions  are  identical  as  to  tempera- 
ture, moisture,  number  of  germs,  etc. 

5.  Asn. 
It  is  recommended — 

1.  That  the  method  for  the  determination  of  sulphates,  as  described  on  page  25  of 
the  Proceedings  of  the  Nineteenth  Annual  Convention  of  this  association,  1902, «  1)6 
printed  as  a  provisional  method. 

2.  That,  the  peroxid  method  of  determining  sulphates  Ix?  subjecte<l  to  further 
study,  with  a  view  to  substituting  it  for  the  nitric-acid  metho<l. 

6.  Insecticides. 
It  is  recommended — 

1.  That  Method  I  for  total  arsenious  oxid  in  Paris  green  be  adopted  as  an  official 
method,  this  being  a  repetition  of  last  year's  recommendation. 

Adopted  as  an  oflScial  metho<l. 

2.  That  the  four  modifications  of  the  Avery-Beans  method  for  t<ital  arsenic  in  Paris 
green  be  tested  to  determine  which  is  the  best  modification  to  })e  adopted  as  an 
optional  official  method. 

3.  That  the  electrolytic  method  be  adopted  as  the  official  method  for  determining 
copper  in  Paris  green,  and  in  copper  carbonate,  and  that  the  volumetric  methods 
be  further  tested,  iwtying  particular  attention  to  the  remarks  of  Messrs.  Davidson, 
McBryde,  and  Allen  upon  this  subject.^     (Recommended  for  the  first  time.) 

4.  That  an  attempt  be  made  to  so  change  the  procedure  in  the  analysis  of  London 
purple  that  some  of  the  organic  matter  may  be  remove<l.  The  remarks  of  Messrs, 
Davidson  and  McBryde  are  of  value  in  this  connection.  * 

5.  That  the  volumetric  silver-nitrate  method  l)e  adopted  as  the  official  method  of 
determining  cyanogen  in  potassium  cyanid  and  that  an  N/20  instead  of  N/10  solution 
of  silver  nitrate  be  used.     (Recommended  for  the  first  time. ) 

6.  That  the  methods  of  examination  of  soda  lye  l)e  further  tested  and  compared 
with  gravimetric  methwls  and  that  the  points  brought  out  by  Messrs.  Davidson  and 
McBryde  be  given  consideration.  ^ 

7.  That  the  Kissling  method  for  determining  nicotin  l>e  adopted  as  an  official 
method.     (Recommended  for  the  first  time. ) 

8.  That  special  attention  be  given  to  the  methods  for  determining  formaldehyde  in 
order  to  avoid  needless  repetition  of  work. 

(The  report  of  Committee  A  was  voted  upon  by  sections  and  as  a 
whole  and  adopted.) 
The  President.  The  report  of  Committee  B  is  in  order. 

EEPOBT  OF  COMMITTEE  B  ON  EEOOMMENDAT10l[S. 

G.  E.  Patrick,   Chairman. 

(Dairy  products,  foods  and  feeding  stuffs,  sugar,  and  \^     . .    ^ 

1.  Dairy  Products. 
It  is  recommended —  ,      o\ 

1.  That  the  referee  on  dairy  prixiucts  be  requested  to  continx^  .  (^ 

the  effects  of  preservatives  upon  the  albumin  of  milk. 


o  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  BuL    [N,^ 
^  See  report  on  insecticides,  page  196.  ^  ^ 
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2.  Foods  and  Feeding  Stuffs. 

It  is  recommended — 

1.  That  the  referee  be  requested  to  study  the  oomposition  of  the  ether  extract 
obtained  after  digesting  with  pepsin  the  residue  obtained  by  the  official  method  of 
fat  extraction. 

2.  That  the  modified  K<)nig  method  for  the  determination  of  crude  fiber  be  further 
investigated,  especially  to  ascertain  whether  the  glycerol-acid  mixture  hydrolyzes 
any  of  the  true  fiber. 

3.  Sugar. 
It  is  recommended — 

1.  That  the  associate  referee  on  chemical  methods  be  instructed  to  cooperate  with 
the  International  Association  for  the  Unification  of  Sugar  Methods  to  the  end  that  a 
uniform  method  for  the  determination  of  reducing  sugars  be  obtained. 

2.  That  an  associate  referee  on  methods  of  analysis  of  molasses  be  appointe<i. 

3.  That  the  following  methods  and  changes  in  methods  be  adopted: 

a.  Changes  in  the  official  methods  given  in  paragraph  1,  page  56,  and  paragraph  2, 
page  57,  of  the  Proceedings  of  this  association  for  1902. « 

Adopted  as  official. 

b.  The  provisional  method  given  in  paragraph  (f),  page  57,  of  the  Proceedings  of 
the  association  for  1902 

c.  Under  "Optical  methods  for  the  determination  of  sucrose"  omit  Clerget's 
method  and  Creydt's  method  (pp.  39  and  40  of  Bui.  No.  46,  Methods  of  Analysis)  and 
substitute  therefor  the  (Jennan  official  methods  for  sucnjse  andraffinoseas  the  official 
methods  of  this  association.  These  methods  are  given  on  page  57  of  the  Proceedings 
of  the  association  for  1902,  but  in  the  twenty -fifth  line  from  the  top  of  the  page  it 
is  recommended  to  change  the  words  "Dissolve  13.024  grams  of  the  substance  in 
75  cc  of  water,"  so  as  to  read,  "Take  50  cc  of  the  clarified  solution  freed  from  lead, 
add  25  cc  of  water — ". 

Adopted  as  official. 

d.  As  an  alternate  official  method  for  inversion  without  the  application  of  heat  the 
following  is  recommended: 

Take  50  cc  of  the  clarified  solution  freed  from  lead,  add  5  cc  of  hydrochloric  add 
containing  38.8  per  cent  of  acid,  set  aside  during  a  period  of  24  hours  at  a  tempera- 
ture not  below  20°  C. ;  or  if  the  temperature  be  above  25°  C  set  aside  for  10  hours. 
Make  up  to  100  cc  at  20°  C.  and  polarize. 

Adopted  as  official. 

e.  As  provisional  methods  for  the  analysis  of  sugar  beets: 

Scheibler*s  alcoholic  method  and  Pellet's  aqueous  method  (p.  58,  Proceedings 
for  1902). 

f.  As  provisional,  the  methods  selected  by  the  international  committee  for  unifying 
methods  of  sugar  analysis  (pp.  58,  59,  Proceedings  for  1902,  pars.  1  to  9,  inclusive). 

4.  That  the  referees  on  sugar  be  requested  to  continue  investigations  along  the 
same  line  as  during  the  past  year. 

Tannin. 

The  following  recommendations  were  not  received  until  after  Committee  B  had 
finished  its  work,  and  they  were  referred  by  the  association  to  the  referee  for  1904: 

It  is  recommended — 

1.  That  the  last  sentence  of  Paragraph  II,  Quantity  of  Material  (Bui.  46,  Methods 
of  Analysis,  p.  79),  be  changed  to  read  as  follows: 

In  the  case  of  extract,  weigh  in  a  weighing  bottle,  fitted  with  a  ground-glass  stop- 
per, such  quantity,  etc. 

«U.  S.  Dept.  Agr„  Bureau  of  Chemistry,  Bui.  No.  73. 
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2.  That  the  last  sentence  of  Paragraph  V,  Soluble  Solids  (Bui.  46,  MethodH  of 
Analysis,  p.  80),  be  changed  to  read  as  follows: 

To  guard  against  loss  by  evaporation,  the  flask  receiving  ihe  filtered  liquor  shall  be 
stoppered  with  a  rubber  stopper  and  the  funnel  stem  passed  through  the  perforation. 
The  funnel  shall  be  covered  with  a  glass  plate  having  an  orifice  only  suflSciently 
large  to  admit  the  air  required  by  the  displacement  of  the  liquor. 

A  motion  made  b\'  Mr.  Stilwell,  and  amended  by  Mr.  Veitch,  to 
the  effect  that  the  time  of  extraction  of  spent  tan  bark  be  fixed  at  10 
hours  at  steam  heat,  was  referred  to  Committee  B,  but  no  action  was 
taken.  Aside  from  the  action  taken  on  the  tannin  recommendations 
as  noted  above,  the  several  sections  were  acted  upon  and  the  report 
adopted  as  a  whole. 

The  President.  The  report  of  Committee  C  will  be  received. 

EEPOET  OF  OOMMITTEE  0  ON  EEOOMMEITOATIONS. 
A.  E.  Leach,  Chairman. 

(Food  adulteration.) 
1.  Distilled  Liquors. 

On  page  96  of  Bulletin  No.  65,«  under  Determination  of  Alcohol,  substitute  for  the 
first  sentence  the  following:  "Weigh  or  measure  (at  15.6°  C.)  in  a  distilling  flask  20 
to  25  cc.  of  the  sample,  dilute  with  100  cc.  of  water,  and  proceed  as  directed  on  page  82.'* 

On  the  same  i>age,  under  Determination  of  Extract,  strike  out  the  method  there 
given  and  insert  the  following:  **  Weigh  or  measure  (at  15.6°  C. )  100  cc  of  the  sam- 
ple, evaporate  nearly  to  dryness  on  the  water  bath,  then  transfer  to  a  water  oven, 
and  dry  at  the  temperature  of  boiling  water." 

On  the  same  page,  under  Detennination  of  Acidity,  strike  out  the  method  given 
and  insert  the  following: 

Titrate  100  cc  (or  50  cc  diluted  to  100*  cc  if  the  samnle  is  dark  in  color)  with  deci- 
normal  barium  hydrate,  using  phenolphthalein  as  indicator.  The  numl>er  of  cubic 
centimeters  employed  is  multiplied  by  0.006  for  the  acidity  expressed  in  grams  of 
acetic  acid  per  100  cc. 

On  the  same  page,  under  the  Determination  of  Fusel  Oil,  strike  out  the  third  para- 
graph and  substitute  the  following: 

Add  a  small  quantity  of  alkali  to  200  cc  of  the  sample  under  consideration  and  dis* 
till  slowly,  till  about  175  cc  have  passed  over,  allow  the  distilling  flask  to  cool,  add 
25  cc  of  water,  and  distill  again  until  the  total  distillate  measures  200  cc.  Dilute  the 
distillate  to  exactly  30  per  cent  by  volume  ^  (sp.  gr.  0.96541  at  15.6°). 

On  page  98  strike  out  the  method  given  under  Determination  of  Ethereal  Salts  and 
substitute  the  following: 

Neutralize  the  residue  left  after  distillation  in  the  fusel  oil  determination  with 
N/10  H2SO4  and  add  an  excess  of  lOcc  of  the  acid.     Let  stand  five  minutes  and  make 
up  to  200  cc.    Titrate  2  portions  of  25  cc  each,  using  as  indicators  niethy^  orange  in 
the  first  and  phenolphthalein  in  the  second.     The  difference  givog  tbe  amount  ol 
alkali  necessary  to  neutralize  the  organic  acids  in  25  cc  of  the  sanitAc^     ^V  6Q^>^^^<^^}^S 
from  this  figure  the  number  of  cubic  centimeters  of  alkali  requi|*tj?'      \Vve^^.^^^^®' 
and  multiplving  the  result  by  0.0088,  the  number  of  drama  ^i^ *^   t«^^  ^     ^ 
culated  as  ethyl  acetate)  in  25  cc  of  the  sample  is  determined.  ^'O^ 

«U.  8.  Dept.  Agr.,  Bureau  of  Chemistry,  Provisional  Metlx^>v^  ^ 
Foods.  ^^X.'^ 

&  Refers  to  footnot-e  h  on  p.  96  of  Bui.  No.  65. 
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2.  Dairy  Products. 

On  page  36,  under  Detection  of  Formaldehyde,  designate  the  method  there  given 
as  (a)  Hehner^B  method^  and  insert  the  following  method,  lettered  (h): 

( b)  The  hydroMoric  acid  and  ferric  chlorid  inethod,  <^ — ^To  10  cc  of  milk  in  a  porcelain 
casserole  add  an  equal  volume  of  concentrated  hydrochloric  acid  containing  1  cc  of 
10  per  cent  ferric  cnlorid  solution  to  each  500  cc  of  acid.  Heat  nearly,  to  the  boiling 
point  over  the  free  flame,  holding  the  casserole  by  the  handle  and  giving  it  a  rotary 
motion  to  break  up  the  curd.     A  violet  coloration  indicates  formaldehyde. 

Insert  also  as  (c)  the  phloroglucin  method  as  described  at  the  foot  of  page  72. 
On  page  36,  after  section  7,  ''Detection  of  Borax  and  Boric  Acid,"  insert  the  fol- 
lowing: 

8.  Detection  op  Benzoic  Acid.'^ 

Add  5  cc  of  dilute  hydrochloric  acid  to  50  cc  of  the  milk  in  a  flask  and  shake  to 
curdle.  Then  add  150  cc  of  ether,  cork  the  liask  and  shake  well.  Break  up  the 
emulsion  which  forms  by  aid  of  a  centrifuge,  or  if  the  latter  is  not  available  extract 
the  curdled  milk  by  gently  shaking  with  successive  portions  of  ether,  avoiding  the 
formation  of  an  emulsion,  c  Transfer  the  ether  extract  (evaporated  to  small  volume 
if  large  in  bulk)  to  a  separatory  funnel  and  separate  the  benzoic  acid  from  the  fiat 
by  shaking  out  with  dilute  ammonia,  which  takes  out  the  former  as  ammonium 
benzoate.  Evaporate  the  ammonia  solution  in  a  dish  over  the  water  bath  till  all  free 
ammonia  has  disappeared,  but  before  getting  to  dryness  add  a  few  drops  of  ferric 
chlorid  reagent.  The  characteristic  flesh-colored  precipitate  indicates  benzoic  acid. 
O&re  should  be  taken  not  to  add  the  ferric  chlorid  till  all  the  ammonia  has  been 
driven  off,  otherwise  a  precipitate  of  ferric  hydrate  is  formed. 

9.  Detection  op  Salicylic  Acid. 

Proceed  exactly  as  directed  for  benzoic  acid.  On  applying  the  ferric  chlorid  to 
tne  solution  after  evaporation  of  the  ammonia,  the  well-known  violet  color  indicates 
salicylic  acid  when  presented 

On  page  36,  "Detection  of  Foreign  Colors"  should  be  numbered  as  **  10."  On 
page  39,  change  heading  8  to  "Detection of  Foreign  Colors"  inserting  " (a)  ComicxxlTB 
method^* (^  before  the  method  as  there  given. 

On  page  39,  following  Comwairs  method,  Insert  the  following: 

(b)  Method  of  the  Masmchusetts  Board  of  Health  for  annalo.  — Treat  2  or  3  grams  of  the 
melted  and  filtered  fat  (freed  from  salt  and  water)  with  warm,  dilute  sodium  hydroxid, 
and  after  stirring  pour  the  mixture  while  warm  upon  a  wet  filter,  using  to  aa vantage 
a  hot  funnel.  If  annato  is  present  the  filter  will  absorb  the  color  so  that  when  the 
fat  is  washed  off  by  a  gentle  stream  of  water  the  paper  will  he  dyed  straw  color.  It 
is  well  to  pass  the  warm  alkaline  filtrate  two  or  three  times  through  the  fat  on  the 
filter  to  insure  removal  of  the  color.  If,  after  drying  the  filter,  the  color  turns  pink 
on  application  of  a  drop  9t  stannous  chlorid  solution  the  presence  of  annato  is  assured. 

(c)  Geisler^s  method  for  azo  colors.* — A  few  drops  of  the  clarified  fat  are  spread  out 
on  a  porcelain  surface  and  a  pinch  of  fuller's  earth  added.  In  the  presence  of  various 
azo  ayes  a  pink  to  violet-red  coloration  will  be  produced  in  a  few  minutes.  Some 
varieties  of  the  fuller's  earth  react  much  more  readily  than  others  with  azo  colors. 

flAn.  Rep.  Mass.  Stote  Board  of  Health,  1897,  p.  558.  Food  and  Drug  Reprint, 
p.  20. 

&  Leach.  An.  Rep.  Mass.  State  Board  of  Health,  1902.  Food  and  Drug  Reprint, 
p.  23. 

cA  volume  of  ether  largely  in  excess  over  that  of  the  curdled  inilk  has  been  found 
to  be  less  apt  to  form  an  obstinate  emulsion. 

'^  These  methods  for  salicylic  and  benzoic  acids  while  especially  applied  to  milk, 
from  which  the  ether  extracts  both  fat  and  preservative,  are  useful  also  with  modifi- 
cations for  many  other  food  products.  The  extraction  of  the  ether  solution  with 
dilute  ammonia,  whereby  the  preservative  is  removed,  permits  the  subsequent 
ret!Overy  of  the  ether  by  distillation. 

*J.  Am.  Chem.  Soc.,  1898,  20:  110. 
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(d)  Xoti;'«  mdhod  for  azo  colon.  <i — A  small  amount  of  the  material  to  be  tested  is 
melted  in  a  test  tube,  an  equal  volume  of  a  mixture  of  one  part  of  concentrated  sul- 
phuric acid  and  four  parts  of  glacial  acetic  acid  is  added  and  the  tube  is  heated  nearly 
to  the  boiling  point,  the  contents  being  thoroughly  mixed  b^  shaking.  The  tube  is 
then  set  aside  and  after  the  acid  solution  has  settled  out  it  will  be  found  to  be  colQred 
wine-red  in  the  presence  of  azo  color,  while  with  pure  butter  fat  comparatively  no 
color  will  be  prc)duced. 

(e)  DoolitU^8  method  for  azo  dyes  and  annaio,^ — The  melted  sample  is  Urst  filtered. 
Two  test  tabea  are  taken  and  into  each  are  poured  about  two  grams  of  the  filtered 
fat  which  is  dissolved  in  ether.  Into  one  test  tube  1  or  2  cc  of  dilute  hydrocloric 
acid  are  poured,  and  into  the  other  about  the  same  volume  of  dilute  potassium 
hydroxid  solution.  Both  tubes  are  well  shaken  and  allowed  to  stand.  In  the  pres- 
ence of  azo  dye  the  test  tube  to  which  the  acid  has  been  added  will  show  a  pink  to 
wine-red  coloration,  while  the  potash  solution  in  the  other  tube  will  show  no  color. 
If  annato  has  been  used,  on  the  other  hand,  the  potash  solution  will  be  colored  yellow 
while  no  color  will  be  apparent  in  the  acid  solution. 

Also  on  page  39  strike  out  section  9,  Detection  of  Aniline  Colors,  and  in  its  place 
insert  the  following: 

9.  Detection  of  Boric  Acid  in  Butter. 

Melt  about  25  grams  of  the  sample  on  the  water  bath,  pour  off  the  fat  from  the 
aqueous  solution  that  settles  to  the  bottom  of  the  container,  acidify  the  aqueous  solu- 
tion slightly  with  hydrochloric  acid  and  test  in  the  usual  manner  with  tumeric  paper 
for  boric  acid. 

On  page  40,  under  Determination  of  Fat,  insert  the  following  heading  for  the 
method  there  given:  "(a)  Official  method.*^*^  . 

On  page  41,  at  the  end  of  the  first  paragraph,  insert  the  following: 

(b)  Lythgo^s  modification  of  tfie  Babcock  TneOiod, — Weigh  accurately  about  6  grams 
of  the  sample  in  a  tared  beaker.  Add  10  cc  of  boiling  water  and  stir  with  a  rod  till 
the  cheese  softens  and  an  even  emulsion  is  formed,  preferably  adding  a  few  drops  of 
strong  ammonia  to  aid  in  the  softening  and  emulsionizing,  and  keep' the  beaker  in 
hot  water  till  the  emulsion  is  tolerably  complete  and  free  from  lumps. 

If  the  sample  is  a  full  cream  cheese  a  Babcock  cream  bottle  is  emploved.  The  con- 
tents of  the  beaker,  after  cooling,  are  transferred  to  the  test  bottle  as  follows:  Add  to 
the  beaker  about  half  of  the  17.6  cc  of  sulphuric  acid  regularly  used  for  the  test,  stir 
with  a  rod  and  pour  carefully  into  the  bottle,  using  the  remainder  of  the  acid  in  two 
portions  for  washing  out  the  beaker.  Finally  proceed  as  in  the  Babcock  test  for 
milk.  Multiply  the  fat  reading  by  18  and  divide  by  the  weight  of  the  sample  taken 
to  obtain  the  per  cent  of  fat. 

On  page  41,  at  the  end  of  the  methods  for  dairy  products,  insert  under  the  heading 
**(C)  Condensed  Milk,'*  the  method  given  on  page  28  of  the  referee's  report,  7 
sections. 

3.  Saccharine  Products. 

On  page  48,  under  Determination  of  Commercial  Glucose  in  Molasses  Sirups  and 
Honey,  make  the  following  changes: 

At  the  end  of  the  second  paragraph  insert  ''Express  results  in  terms  of  commercial 
glucose  polarizing  at  176°." 

Cancel  the  third  paragraph  and  substitute  the  following: 

In  honey,  which  is  composed  largely  of  invert  sugar,  much  more  accurate  results 
are  attained  by  polarizing  at  a  temperature  of  87°  in  a  water- jacketed  tube  an  inverted, 
half  normal  solution  of  tne  sample  prepared  as  follows:  Weigh  out  one-half  the  nor- 
mal weight  of  the  sample  (13.024  grams)  in  a  100  cc  graduated  flask,  dissolve  in 
about  70  cc  of  water,  and  add  7  cc  of  concentrated  hydrochloric  acid;  then  heat  to 
68°  C.  and  cool  in  the  usual  manner.  After  inverHion  add  a  few  drops  of  phe- 
nolphthalein  and  enough  sodium  hydroxid  to  neutralize.  Discharge  the  pink  color 
with  a  few  drops  of  cTilute  hydrochloric  acid,  cool  again,  add  from  5  to  10  cc  of 
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alumina  cream  and  make  up  to  the  mark.  Multiply  by  2  the  reading  at  87**  in  the 
200  ram  tube;  divide  the  result  by  the  factor  163  to  express  the  glucose  in  terms  of 
glucose  polarizing  at  176°. 

Strike  out  footnote  6,  in  the  fourth  paragraph. 

4.  Edible  Oils  and  Fats. 

On  page  26,  before  heading  5,  Determination  of  iSaponification  Number  and  Soluble 
an<l  Insoluble  Acids,  insert  the  Hanus  method  as  a  provisional  optional  method. 
This  method  is  printed  in  full  in  the  referee*s  report,  page  63.  The  principal  points 
in  whi^h  it  differs  from  the  Hiibl  method  are  as  follows: 

Dissolve  13.2  grams  of  iodin  in  1,000  cc  glacial  acetic  acid  (showing  no  reduction 
with  bichromate  and  H2SO4),  and  add  enough  bromin  to  double  the  halogen  content 
determined  by  titration.  Three  cc  of  bromin  is  about  the  proper  amount.  The 
iodin  may  be  dissolved  by  the  aid  of  heat,  but  the  solution  should  be  cold  when 
bromin  is  added.  The  solution  is  used  in  the  same  manner  as  in  the  Hubl  method 
except  that  an  excess  of  70  per  cent  of  the  iodin  is  allowed;  10  cc  of  the  KI  solution 
is  added  instead  of  20  cc  and  the  time  of  reaction  is  shortened  to  thirty  minutes. 
When  the  KI  solution  is  added,  shake  the  mixture  thoroughly  befot'e  adding  the 
water. 

On  page  32,  under  heading  16,  Halphen  reaction  for  cotton-seed  oil,  third  line, 
insert  before  the  wonl  " brine'*  the  word  "saturatetl,"  and  for  ** fifteen  minutes*' 
substitute  '*an  hour  to  2  hours." 

On  page  33,  undel*  heading  18,  Renard's  Test  for  Peanut  Oil,  etc.,  substitute  the 
method  printed  i;i  full  in  the  referee's  report  on  page  64.  This  method  is  essentially 
the  i^ame  as  that  given  on  page  33,  except  that  20  grams  of  fat  are  taken  for  analysis 
with  the  proportional  increase  of  reagents  rendered  necessary  by  the  larger  amount 
of  fat.    An  additional  washing  is  also  provided  for  in  the  reviseil  method. 

In  Bulletin  46,  page  49,  under  Determination  of  Refractive  Index,  second  para- 
graph, line  3,  change  the  factor  0.000176  to  0.000365,  in  accordance  with  the  more 
c-orrect  factor  given  in  Bulletin  ^.  Also  cancel  the  example  following  and  substitute 
the  example  given  on  page  22  of  Bulletin  65,  under  Determination  of  Index  of  Refrac- 
tion.    (Recommended  for  the  first  time.) 

5.  Spices. 

On  page  58  of  Bulletin  66,  under  De^rmination  of  Starch  by  the  Diastase  Method, 
fifteenth  line,  strike  out  the  words  "copper  reduced  by"  and  insert  therefor  "dex- 
trose resulting  from  the  inversion  of." 

6.  Frl'its  and  Fruit  Products. 

The  following  changes  in  the  provisional  methods  as  given  in  Bulletin  65  are 
recommended: 

(1)  On  page  78,  under  heading  12,  Polarization,  substitute  the  method  given  on 
page  57  of  the  Proceedings  for  1902,  under  Determination  of  sucrose  in  absence  of 
raffinose. 

(2)  On  page  7^,  section  13,  b,  line  8,  change  "1  per  cent"  to  "0.50  per  cent." 

(3)  On  page  78,  section  14,  lines  8  and  9,  for  "  use  AUihn's  method  for  the  deter- 
mination (p.  49)  a,"  substitute  "Use  the  oflScial  method  for  the  determination  of 
invert  sugar  as  given  in  Bui.  46,  p.  33  (c)  (1)  (a)  and  (b)." 

(4)  On  page  78,  strike  out  section  15,  Determination  of  Dextrin,  and  substitute 
therefor  Determination  of  Glucose,  referring  to  method  given  on  page  48,  section  12. 
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7.    ViNBCJAR. 

On  page  65  of  Bulletin  65,  following  section  13,  Detection  of  Coloring  Matters,  insert 
Crampton  and  Bimon's  method  for  the  detection  of  caram&l  as  follows:  ^ 

Add  25  grams  of  fuller's  earth  to  50  cc  of  the  vinegar  under  examination,  beat  the 
mixture  up  in  a  beaker  and  let  it  stand  covered-  half  an  hour  at  room  temperature, 
then  filter.  The  determination  of  the  figure  representing  the  color  is  made  with  the 
tintometer  upon  the  liquid  before  and  after  treatment  and  the  difference  between 
the  two  results  gives  the  percentage  of  color  absorbed. 

8.  Cocx>A  AND  Cocoa  Products. 

The  report  submitted  is  to  be  printed  separately  and  distributed  to  the  associate 
referees  on  food  adulteration  for  criticism  before  it  is  printed  in  the  Proceedings,  in 
accordance  with  the  plan  previously  pursueil. 

(The  recommendations  of  Committee  C  were  adopted  by  the  associa- 
tion.) 

The  President.  If  there  is  no  other  business  before  the  association, 
I  will  declare  the  convention  adjourned  sine  die. 
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ErvinE.  EwEiiL,  until  recently  assistant  chief  of  the  Bureau  of 
Chemistry  of  the  Department  of  Agriculture,  and  since  1889  &  mem- 
ber of  that  Bureau  and  of  the  association,  died  at  New  Orleaoa,  La., 
February  7,  1904,  after  a  brief  illness  of  typhoid  fever. 
.  During  his  fourteen  years'  service  in  the  Bureau  Mr.  Ewell  accom- 
plished an  immense  amount  of  routine  work  in  addition  to  the  research 
work  for  which  he  was  especially  fitted.  These  researches  included  a 
chemical  and  physiological  study  of  the  mescal  button,  used  by  the 
Mexican  Indians^  which  produces  intoxication  of  a  peculiar  character; 
a  series  of  experiments  on  the  nitrifying  ferments  of  soils;  miscella- 
neous studies  of  a  varied  character,  and  investigations  of  the  quality 
and  character  of  supplies  furnished  the  different  branches  of  the  Gov- 
ernment, which  work  has  resulted  in  the  establishment  of  a  contracts 
laboratory  in  the  Bureau  of  Chemistry.  In  this  work  Mr.  Ewell's 
ability  was  most  marked,  requiring  as  it  did  not  only  a  high  degree  of 
chemical  skill  but  also  the  development  of  special  methods  of  investi- 
gation and  great  ingenuity  in  the  application  of  tests. 

Mr.  Ewell  served  the  association  twice  as  referee  on  sugar,  was 
vice-president  of  the  Washington  section  of  the  American  Chemical 
Society,  and  had  published  a  number  of  papers  in  the  journal  of  that 
body  and  in  official  bulletins  of  the  Department  of  Agriculture. 

In  March,  1903,  Mr.  Ewell  resigned  from  the  Bureau  of  Chemistry 
to  enter  a  wider  field  of  activity  offered  by  the  German  Kali  Works, 
with  headquarters  at  Atlanta,  Ga.,  taking  with  him  the  best  wishes  of 
his  associates  in  the  Department.  Indefatigable  industry,  combined 
with  a  thorough  educational  equipment  and  a  fine  mentality,  had  marked 
Mr.  Ewell  among  the  rising  young  chemists  of  the  day,  and  science  has 
lost  a  most  promising  devotee  in  his  death. 


Norman  Robinson,  formerly  an  active  member  of  this  association, 
died  in  Orlando,  Fla.,  on  February  4,  1904.  Professor  Robinson  had 
served  the  association  as  referee  on  potash  in  1903,  and  to  his  serv- 
ices as  a  chemist  added  those  of  an  educator,  being  an  ardent  classical 
scholar  as  well  as  a  lover  of  science.  Though  in  astronomy,  botany, 
and  geology  he  was  well  versed,  it  was  to  chemistr)^  that  he  gave  the 
most  attention,  working  in  his  private  laboratory  in  Jacksonville  in 
addition  to  his  professional  duties.  The  association  has  lost  in  his 
death  a  most  able  and  scholarly  member  of  the  profession,  and  to  his 
family  all  those  who  remember  Professor  Robinson  will  extend  thriir 
sympathy  in  the  loss  of  his  companionship.  High  principles,  a  mind 
at  once  keen  and  broadly  cultured,  and  a  charming  personality  made 
Professor  Robinson  a  man  to  be  long  and  lovinglj'  remembered  by 
those  who  knew  him  even  slightly. 
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OFFicHneus;  bsfbbbes,  and  committses  of  the  association 

OF  qwriCTATi  AOBICULTXTBAL  CHEMISTS  FOB  THE  TEAB  1904. 

President, 

Mr.  M.  E.  Jafpa,  Berkeley,  Cal. 

Vice-President. 

Mr.  C.  L.  Penny,  Newark,  Del. 

Secretary. 

Mr.  H.  W.  Wiley,  Washington^  D.  C. 

Additional  members  of  Executive  Committee, 

Mr.  W.  P.  Headden,  Fort  Collins,  Colo. 

Mr.  W.  R.  Perkins,  Agricultural  College,  Miss. 

Referees. 

Phosphoric  acid:  C.  B.  Williams,  Raleigh,  N.  C. 

Nitrogen:  \ 

Determination  of  nitrogen:  C.  H.  Jones,  Burlington,  Vt.  , 

Separation  of  nitrogenous  bodies:  E.  B.  Hart,  Geneva,  N.  Y.  (milk  and  cheese  J 

proteids).  J 

Potash:  F.  B.  Carpenter,  Richmond,  Va. 

SoiU:  C.  G.  Hopkins,  Urbana,  111.  I 

Dairy  products:  G.  E.  Patrick,  Washington,  D.  C. 

Foods  and  feeding  stuffs:  J.  O.  La  Ba(^h,  Lexington,  Ky. 

Food  aduUerations:  W.  D.  Bigelow,  Washington,  D.  C. 

Sugar:  L.  S.  Munson,  Washington,  D.  C. 

Tannin:  George  A.  Kerr,  Damascus,  Va. 

Insecticides:  B.  H.  Smith,  Washington,  D.  C. 

Ash:  R.  W.  Thatcher,  Pullman,  Wash. 

Medicinal  plants  and  drugs:  L.  F.  Kebler,  Washington,  D.  C. 

Associate  referee^*. 

Phosphoric  acid:  F.  P.  Veitch,  Washington,  D.  C. 
Nitrogen: 

Determination  of  nitrogen:  F.  A.  Urner,  Geneva,  N.  Y. 

Separation  of  nitrogenous  bodies: 

Meat  proteids:  W.  D.  Bigelow,  Washington,  D.  C. 
Vegetable  proteids:  J.  S.  Chamberlain,  Washington,  D.  C. 
Potash:  G,  S.  Fraps,  College  Station.  Tex. 
Soils:  R.  H.  Loughridge,  Berkeley,  Cal. 
Dairy  products:  F.  W.  Woll,  Madison,  Wis. 
Foods  and  feeding  stuffs:  J.  K.  Haywood,  W^ashington,  D»  C 
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Fbod  adulterations: 

(1)  CoJors:  W.  G.  Berry,  Appraiser's  Office,  New  York,  N.  Y. 

(2)  Saccharine  products,  including  confectionery:  K.  B.  Kenrick,  Winnipeg, 

Manitoba,  Canada. 

(3)  Fruit  products:  E.  M.  Chace,  Washington,  D.  C. 

(4)  Wine:  G.  E.  Colby,  Berkeley,  Cal. 

(5)  Beer:  H.  E.  Barnard,  Concord,  N.  H. 

(6)  Distilled  liquors:  C.  A.  Crampton,  Washington,  D.  C. 

(7)  Vinegar:  Richard  Fischer,  Madison,  Wis. 

(8)  Flavoring  extracts:  R.  E.  Doolittle,  Lansing,  Mich. 

(9)  Spices:  A.  L.  Winton,  New  Haven,  Conn. 

(10)  Baking  powder  and  baking  chemicals:  R.  O.  Brooks,  Trenton,  N.  J. 

(11)  Meat  and  fish:  M.  E.  Jaffa,  Berkeley,  Cal. 

(12)  Fats  and  oils:  L.  M.  Tolman,  Washington,  D.  C. 

(13)  Dairy  products:  A.  E.  Leach,  Boston,  Mass. 

(14)  Cereal  products:  A.  McGill,  Ottawa,  Canada. 

(15)  Infants  and  invalids'  foods:  H.  W.  Wiley,  Washington,  D.  C. 

(16)  Vegetables:  F.  W.  Bedford,  St.  Paul,  Minn. 

(17)  Condiments  other  than  spices:  J.  D.  Hird,  Washington,  D.  C. 

(18)  Cocoa  and  cocoa  products:  E.  N.  Eaton,  Chicago,  111. 

(19)  Tea  and  coffee:  H.  C.  Lythgoe,  Boston,  Mass. 

(20)  Preservatives:  W^.  G.  Bigelow,  Washington,  D.  C. 
Sugar: 

Molasses  methods:  H.  E.  Sawyer,  Boston,  Mass. 

Special  analytical  methods:  C.  A.  Browne,  jr.,  Audubon  Parb,  La. 
Tannin:  H.  C.  Reed,  Stamford,  Conn. 
Insecticides:  S.  Avery,  Lincoln,  Nebr. 
Ash:  F.  T.  Shutt,  Ottawa,  Canada. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICULTURAL  CHEMISTS. 


(1)  This  association  shall  he  known  an  the  Ansociation  of  Official  Agricultural 
Chemists  of  the  United  States.  The  objects  of  the  assocnation  shall  l)e  (1)  to  secure 
uniformity  and  accuracy  in  the  methods,  results,  and  modes  of  statement  of  analysis 
of  fertilizers,  soils,  cattle  foods,  dairy  products,  and  other  materials  connected  with 
agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters  of 
interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Department  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  be  eligible  to  membership;  and 
one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  the  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  All  persons  eligible 
to  memV)er8hip  shall  become  members  ex  officiis  and  shall  be  allowed  the  privileges 
of  membership  at  any  meeting  of  the  association  after  presenting  proper  credentials. 
All  members  of  the  association  who  lose  their  right  to  such  membership  by  retiring 
from  positions  indicated  as  requisite  for  meml)ership  shall  be  entitled  to  Ixicome 
honorary  members  and  to  have  all  privileges  of  membership  save  the  right  to  hold 
office  and  vote.  All  analytical  chemists  and  others  interested  in  the  objects  of  the 
association  may  attend  its  meetings  and  take  part  in  its  discussions,  but  shall  not  be 
entitled  to  enter  motions  or  vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president,  and 
a  secretary,  who  shall  also  act  as  treasurer;  and  these  officers,  together  with  two 
other  members  to  be  elected  by  the  association,  shall  constitute  the  executive  com- 
mittee. When  any  officer  ceases  to  be  a  member  by  reason  of  withdrawing  from  a 
department  or  board  whose  memljers  are  eligible  to  membership,  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee,  to 
continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  appointed  by  the  executive  cx)mmittee,  at  the  regular  annual 
meeting,  a  referee  and  such  associate  referees  for  each  of  the  subjects  to  be  consid- 
ered by  the  association  as  that  committee  may  deem  appropriate. 

It  shall  be  the  duty  of  these  referees  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same,  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thei*eof,  and  recommendations  of  methods  to  be  followed. 

(6)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  l)e  held  at  su(^h  place  as  shall  be 
decided  by  the  association,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  me^^\ng. 
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(7)  No  changes  shall  be  made  in  the  methods  of  analysis  used  in  official  inspec- 
tion, except  by  unanimous  consent,  until  an  opportunity  shall  have  been  given  all 
official  chemists  having  charge  of  the  particular  inspection  affected  to  test  the  pro- 
posed changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  when  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  alter  report  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  entitled 
to  vote. 
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use  in  meat  proteid  separation,  notes  and  tables 105, 

106, 107, 108, 109 

Physiological  test  of  new  color,  necessity,  note 16 

Pilhashy,  B.  M.,  report  to  referee  on  distilled  spirits 20 

Plant  fdod,  removal  by  oats,  by  distilled  water  and  by  N/200  acid 137-138 

Polariscope,  importance  of  correctness  in  sugar  work 179 

Polarization  in  cane-su^  determination,  recommendation 73 
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Veitch,  F.  P.,  comments  on  phosphoric  acid,  ash,  and  tannin. .  166, 193, 223, 224, 227 

report  as  referee  on  soils 134, 146 

Vetch,  proteid,  properties 98 

Vicilin,  discussion,  with  composition *w 100 

Vinegar,  caramel  determination,  amendment  to  method  proposed 24 

recommendations ^ 235 

Vogel  and  Gerlach,  investigations  of  nitrogen-fixing  bacteria,  notes .... 150, 161 

Walla  Walla,  Wash. ,  alkali  crust,  results  of  analysis -  ^^,      140 

Warner,  H.  J.,  comment  on  ether  extract  and  crude  fiber ...'.".  37, 41 

Washington,  Walla  Walla,  alkali  crust,  results  of  analysis 140 

AVaterhouse  test  for  renovated  butter,  note  by  G.  E.  Patrick 81-83 

modified,  for  oleomargarin,  failures,  remarks 82 

Weber,  F.  C,  comments  on  potash  work 128 

Wesson,  David,  report  on  Dalican  titer  test  details 69 

Wheat  proteids,  discussion 94, 96 

Wijs  method  of  iodin  determination,  comparison  with  other  methods. . .  48, 51, 52, 53 

solution  in  iodin  work  on  oils,  discussion 55, 57 

Wiley,  H.  W. ,  discussion  of  grades  of  commercial  glucose 77, 79, 80 

remarks  on  attendance  and  work  of  association 218-219 

international  committee  work,  food  products,  etc.  178-179, 

189-190, 216, 217 
phosphoric  acid  method  for  Thomas  slag,  with  letter 

from  Prof.  Hilgard 168-170 

report  as  chairman  of  committ^ie  on  fertilizer  legislation 206-213 

resolutions,  proposal  and  remarks 214-216 

Williams,  C.  B.,  question  as  to  printing  methods 217 

report  as  associate  referee  on  volumetric  and  gravimetric 
determination  of  total  phosphoric  acid  in  soils,  with  dis- 
cussion    163-172 

Wilson,  James,  Secretary  of  Agriculture,  address 76 

Winogradskv,  work  on  fixation  of  free  nitrogen 149, 150 

Winton,  A.  t.,  report  as  a.«sociate  referee  on  flavoring  extracts,  with  discussion.  31-34 

resolution  for  a  committee  to  cooperate  on  purity  testing 221 

Wisconsin,  sale  of  lemon  extract  of  legal  standard,  note 33 

AVolfbauer  test  for  fats  and  oils,  results  under  modifications,  and  details. . 71-72 

Woodman,  A.  G. ,  comment  and  suggestion  on  iodin  methods  for  oils 54 

Zinc  in  food  coloring,  not« 15 

sulphate,  determination  of  nitrogen  in  meat  extract 112 

use  in  meat  proteids ;  separation,  notes  and  tables .  105, 106, 107, 108, 1 09 


o 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Diqitized  bv 


Google 


-J 


Digitized  by 


Google 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 

BDREAU  OF  CEEMISTRT-BULLETIK  NO.  82. 

H.  W.  WILEY,  CmET  or  Bukeau. 


PARIS  GREEN  SPRAYING  EXPERIMENTS. 


BY 


.T.    K.    IIAYAVOOT). 

Chief  Insecticide  and  Agncidtural  Water  Lahoralory^ 


In  oollJtboratlon  -with  the  IMviBlon  of  Sntomoloer.  TS.  S.  Bepartment  of  Agriculture,  and 

the  agricultxiral  experiment  stations  of  Maryland.  New  York, 

New  Hampshire,  Rhode  Island,  South 

Oarolina,  and  Oregon. 


WASHINGTON: 

GOVKRNMKXT    1»UINTIN(J     OFFK^E. 
i  D  0  :t  . 


Digitized  by 


Google 


Digitized  by 


Google 


U.  S.  DEPARTMENT   OF   AGRICULTURE. 
BUREAU  OF  CHBMISTRY-BULLETm  NO.  82. 

H.  W.  WILEY,  Chief  or  Bubead. 


PARIS  GREEN  SPRAYING  EXPERIMENTS. 


BY 


J.    K.    IIAYW^OOD, 

Chief  Insecticide  and  Agricultural  Water  lAiltaraUyryy 


In  Gollaboration  with  the  Division  of  Bntomologry.  U.  8.  Department  of  Aipdoulture,  and 

the  asxioultural  experiment  statlona  of  Maryland.  Kew  7ork. 

Kew  Hampshire.  Rhode  Island,  South 

Carolina,  and  Oregon. 


WASHINGTON: 

GOVERNMENT     PRINTIN<}     OFFICE. 
1904. 


Digitiz 


google 


LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Chemistry, 
WashingUyfi^  D.  C.y  March  19,  190 h.. 
Sir:  I  have  the  honor  to  transmit  for  your  approval  a  report  on  a 
series  of  spraying  experiments  with  Paris  Green,  prepared  in  the 
insecticide  and  agricultural  water  laboratory  of  this  Bureau,  and  to 
recommend  its  publication  as  Bulletin  No.  82  of  the  Bureau  of  Chem- 
istry.    It  is  desired  to  acknowledge  especially  the  cooperation  of  the 
Division  of  Entomology  and  the  contributions  of  the  various  experiment 
stations  named,  at  which  so  large  a  part  of  the  work  was  performed. 
The  two  half-tone  plates  express  graphically  one  of  the  most  important 
points  made  in  the  bulletin  and  are  deemed  of  value  in  impressing 
the  conclusions  drawn  in  the  text. 
Respectfully, 

H.  W.  Wiley,  Chief. 

Hon.  James  Wilson, 

Secretary  of  AgricuH/wre. 
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PARIS  GREEN  SPRAYING  EXPERIMENTS. 


EEASOHS  FOE  THE  INVESTIGATION. 

These  experiments  were  undertaken  to  show  how  much  soluble 
arsenious  oxid  may  be  present  in  samples  of  Paris  Green  used  for 
spraying  purposes  without  injury  to  the  foliage.  As  is  well  known, 
Paris  (ireen  is  composed  of  eopjxu*  oxid,  acetic  acid,  and  arsenious 
oxid,  combined  as  copper-ace to-arsenite  in  the  following  proportions: 

Per  cent. 

Copper  oxid 31.  29 

Arsenious  oxid 58.  65 

Acolic acid JO.  06 

Since  this  substance  is  always  sold  upon  the  market  as  a  commercial 
rather  than  a  chemicall}'  pure  article,  small  amounts  of  impurities  are 
always  present.  Among  these  may  be  mentioned  sand,  sodium  sul- 
phate, and  arsenious  oxid,  the  last  of  which  is  not  combined  as  it  should 
be  with  the  other  constituents,  but  is  present  in  the  free  state.  It  is 
to  this  impurity  of  Paris  (irreen  that  the  scorching  properties  are 
usually  ascribed.  California  has  passed  a  law  limiting  the  amount  of 
free  arsenious  oxid  in  Paris  (ireen  to  4  per  cent,  while  New  York's  law 
limits  the  amount  to  3.5  per  cent.  In  the  other  States,  where  there 
are  no  laws  governing  the  matter,  the  entomologists  usualW  consider 
4  per  cent  of  free  arsenious  oxid  to  ])e  the  maximum  amount  allowable 
in  Paris  (xreen  used  for  spni3Mng. 

It  does  not  soem  to  have  })een  genemlly  recognized  by  entomologists^' 
and  chemists  that  there  may  be  three  conditions  of  Paris  Green  which 
will  cause  a  scorching  of  the  foliage. 

( I)  As  indicat(Hl  alK>ve,  there  may  l)e  a  certain  amount  of  arsenious 
oxid  in  Paris  (xreen  over  and  above  that  com})ined  with  the  other  con- 

«Marlatt  in  two  articles  (Inse<!t  Life,  vol.  vii,  July,  1S95,  pp.  408-411,  and  bulletin 
No.  6,  DiviFion  of  Kntomolopjy,  SeptemlK^r,  1S96,  pp.  .30-35)  has  reeopni7AMl  the  first 
and  third  conditions  of  PariH  Green  that  may  give  rise  to  a  scorchina  oi  the  ioliage, 
but  not  the  second  condition. 
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6  PARfS    GREEN   SPRAYING    EXPERIMENTS. 

stituents.  This  is  ''free"  araenious oxid  and  until  recently  it  has  been 
considered  the  only  cause  of  a  scorching  of  the  foliage  by  Paris  Green. 

(2)  The  greens  may  be  poorly  made  so  that  the  constituents  are  very 
loosel^y  held  together.  When  such  greens  are  brought  in  contac^t  with 
water,  especially  water  containing  carbon  dioxid,  they  are  soon  broken 
up  and  arsenious  oxid  is  set  free.  Even  the  best  greens  break  up  to 
some  extent  under  such  conditions,  but  the  poorly  made  greens  decx>m- 
pose  much  more  rapidly.  Note,  then,  the  effect  of  such  greens  upon 
the  foliage.  First,  the  water  of  the  spray  would  act  at  once  on  the 
green  and  set  arsenious  oxid  free,  then  carbon  dioxid  would  dissolve 
in  the  water  and  carry  the  decomposition  of  the  green  still  further. 
But  the  matter  would  not  end  here,  for  the  rain  and  dew  both  contain- 
ing carbon  dioxid  would  also  act  upon  the  green  and  enough  free 
arsenious  oxid  would  soon  ox)llect  to  severely  scorch  the  foliage.  This 
would  of  course  take  place  more  slowly  with  even  the  boi^t  greens,  but 
unless  the  climatic  conditions  were  very  adverse,  not  enough  free 
arsenious  oxid  would  be  apt  to  accumulate  at  one  time  to  cause  any 
serious  damage. 

(8)  The  green  may  he  extremely  fine.  It  is  well  known  that  even 
the  best  greens  when  ground  to  a  very  tine  powder  and  applied  to  the 
foliage  will  scorch.  This  is  doubtlass  due  to  the  fact  that  more  sur- 
face is  exposed  to  the  action  of  water,  which  may  contain  carbon 
dioxid,  so  that  its  decomposing  action  on  the  green  is  accelerated  and 
enough  free  arsenious  oxid  soon  gathers  to  cause  serious  damage. 
Avery  and  Beans «  found  that  the  very  best  Paris  Greens  obtainable 
were  slowly  attacked  by  water,  and  by  grinding  the  same  greens  to  a 
very  fine  powder  and  suspending  them  in  water  the  rate  of  decompasi- 
tion  was  enormously  increased.  They  also  found  that  carbon  dioxid 
in  the  water  increases  the  rapidity  of  decomposition. 

Jt  is  a  very  common  occurrence  to  secure  a  commercial  Paris  Green 
that  scalds  because  of  one  of  the  first  two  causes — i.  e.,  either  by  rea- 
son of  the  presence  of  free  arsenious  oxid  or  because  it  is  poorly 
manufactured — but  the  writer  has  never  found  a  commercial  sample  of 
green  that  scorched  because  it  was  in  too  fine  a  condition.  In  exper- 
imenting on  the  third  method  of  scrorching  even  the  finest  samplers  of 
green  found  on  the  market  had  to  be  ground  further  before  they 
would  scorch  by  reason  of  minute  division. 

It  is  thus  seen  that  the  chemist  will  be  called  upon  to  examine 
samples  of  green  (1)  for  actual  free  arsenious  oxid;  (2)  for  arsenious 
oxid  that  may  be  easily  set  free  on  account  of  the  instability  of  the 
compound.  Methods  of  determining  these  two  forms  of  soluble  arse- 
nious oxid  have  been  devised  during  the  last  few  years  which,  though 
not  strictly  accurate,  will  give  results  close  enough  for  all  practical 

«J.  Amer.  Chem.  Soc.,  28:  111.. 
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purposes.     These  methods,  with  the  reason  for  their  adoption,  are  as 
follows: 

In  determining  soluble  arsenic  it  is  evident  that  it  would  not  be  suf- 
ficient to  extract  the  green  for  only  24  hours  with  water,  since  in 
samples  containing  free  arsenious  acid  as  such,  all  of  the  arsenic  does 
not  go  into  solution  in  that  length  of  time,  and  neither  do  samples  that 
are  poorly  made  break  up  to  any  extent  within  twenty-four  hours. 
The  author  has  found  that  it  takes  from  five  to  ten  days,  according  to 
the  amount  present,  for  all  the  free  arsenious  oxid  to  go  into  solution. 
It  has  also  been  found  that  badly  made  greens  are  broken  up  enough 
during  the  course  of  ten  days  to  give  some  idea  of  their  instability  and 
that  well-made  greens  are  not  broken  up  to  any  great  extent  during 
that  length  of  time.  It  has  therefore  been  thought  best  to  determine 
the  soluble  arsenious  oxid  in  Paris  Greens  by  extracting  one  part  of  the 
green  with  1,000  parts  of  carbon  dioxid-free  water  for  ten  days  and 
at  the  end  of  this  time  determining  the  arsenious  oxid  in  an  aliquot 
portion  of  the  filtrate.  This  method  shows  whether  the  green  con- 
tains a  large  quantity  of  free  arsenious  oxid  or  whether  it  is  badly 
made,  but  does  not  distinguish  between  the  two.  A  method  devised 
by  Avery  and  Beans,^  however,  allows  us  to  approximately  determine 
the  amount  of  free  arsenious  oxid  present  exclusive  of  that  formed  by 
the  decomposition  of  the  green.  Therefore,  by  using  both  methods 
the  chemist  will  be  able  to  tell  either  the  amount  of  free  arsenious 
oxid  actually  present  in  the  green  or  the  amount  that  is  apt  to  be 
present  a  short  time  after  spraying.  Both  of  these  forms  of  soluble 
arsenious  oxid  are  undoubtedly  injurious,  although  perhaps  not 
equally  so. 

These  two  distinct  types  of  soluble  arsenious  oxid  in  commercial 
Paris  Green  have  not  been  previously  recognized,  and  furthermore* 
when  4  per  cent  was  adopted  as  the  maximum  amount  of  soluble  arseni- 
ous oxid  allowable  in  Paris  Green  the  extraction  with  water  was  con- 
tinued for  a  much  shorter  time,  resulting  in  much  lower  figures  for 
soluble  arsenious  oxid.  It  would  appear,  therefore,  that  investiga- 
tion along  this  line  is  needed*  to  determine  the  maximum  amount  of 
soluble  arsenious  oxid,  as  found  by  our  present  methods  of  analysis, 
that  can  be  present  in  a  Paris  Green  in  both  forms  without  danger  of 
scorching.  This  investigation  is  an  attempt  to  answer  the  question 
under  the  first  condition,  i.  e.,  when  the  soluble  arsenious  oxid  is 
present  in  the  free  condition.  It  is  hoped  that  in  the  near  future 
experiments  may  be  made  on  Paris  Greens  of  the  second  type. 


flj.  Amer.  Chem.  Soc,  28:  111. 

^  Valuable  ^ork  upon  the  effect  of  arsenic  and  arsenite  on  plants  has  been  pub* 
lished  by  Gillette,  Wood  worth,  Bailey,  Marlatt,  and  others,  but  not  along  the  lines 
followed  in  this  experiment. 
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PKELIMIHAEY  WOEK  AT  WASHIHGTOH,  D.  C. 

PLAN  OF  THE  EZPEBIMENT. 

Preliminary  work  was  begun  during  the  early  summer  of  1902,  ani 
carried  out  in  the  following  manner:  A  large  quantity  of  Paris  Green, 
as  pure  as  could  be  obtained,  was  purchased  and  a  determination  made 
of  the  soluble  arsenious  oxid  by  the  ten-day  water-extraction  method. 
Then  known  quantities  of  perfectly  pure  arsenious  oxid  were  added 
to  different  quantities  of  the  green,  so  that  samples  of  a  definite  arseni- 
ous oxid  content  were  obtained.  Each  of  these  samples  contained  to 
1  pound  of  Paris  Green  the  following  amounts  of  soluble  arsenious 
oxid: 

Percent 

No.  1 4.29 

No.  2 5.00 

No.  3 6.00 

No.  4 \ 7.00 

No.  5 8.00 

Two  sets  of  these  samples  were  made  up  and  applied  in  the  follow- 
ing manner: 

Set  I. 

Treat  one-half  of  each  of  5  samples  described  above  with  150  gallons  of  water, 
makinf?  1  jiound  to  800  gallons,  and  spray  delicate  trees,  such  as  peach  trees. 

Treat  the  other  half  of  each  of  the  5  samples  with  150  gallons  of  water,  making  1 
pound  to  300  gallons,  and  1  pound  of  lime,  and  again  spray  delicate  trees,  such  as 
peach  trees. 

Sot  it. 

Treat  one-half  of  each  of  alwve  5  samples  with '80  gallons  of  water,  making  1  pound 
to  160  gallons,  and  spray  hardy  trees,  such  as  apple, trees. 

Treat  the  other  half  of  the  5  namples  with  80  gallons  of  water,  making  1  ]x>und  to 
160  gallons,  and  1  pound  of  lime,  and  again  spray  hardy  trees,  such  as  apple  trees. 

The  dates  of  spraying  and  taking  of  observations  and  the  duration 
of  the  experiment  were  carefully  noted. 

With  the  aid  of  Mr.  F.  C.  Pratt,  an  assistant  in  the  Division  of 
Entomology,  the  author  sprayed  young  peac*h,  apple,  and  pear  trees, 
following  very  <^losely  the  directions  outlined  alwve.  The  trees  grew 
in  the  Agricultural  Department  grounds,  and,  unfortunately,  had  been 
used  before  in  various  experiments  u{x>n  insects  and  sprays,  so  that  all 
of  them  were  not  in  a  perfectly  healthy  condition.  Since  they  were  the 
only  trees  available,  and  the  investigation  was  onl}'  preliminary  in 
character,  to  fix  within  wide  limits  the  amount  of  soluble  arsenic  that 
can  be  endured  by  the  trees,  it  was  thought  they  would  serve  the  pur- 
pose. The  table  on  the  next  page,  giving  the  weather  conditions 
during  the  first  part  of  the  experiment,  is  furnished  by  the  United 
States  Weather  Bureau. 


Digitized  by 


Google 


PBELTMINARY    OBSERVATIONS. 
Weaiher  (vndUiom,  WashiTigtoyiy  D.  C,  June  SO  to  July  16,  1902. 


Date. 

Mean 
temper- 
ature. 

Precipita- 
tion. 

General  charac- 
ter of  day. 

• 

IWt. 

°F. 

Inches. 

,    June  20 

78 

Trace. 

Partly  cloudy. 

21 

73 

0.85 

Cloudy. 

22 

64 

.00 

Clear. 

28 

64 

Trace. 

Partly  cloudy. 

24 

60 

.00 

Do. 

25 

64 

.01 

Clear. 

26 

73 

1.87 

Do. 

27 

72 

.00 

Partly  cloudy. 

28 

70 

.01 

Cloudy. 

29 

80 

.08 

Partly  cloudy. 

30 

66 

.31 

Cloudy. 

July     1 

68 

a.  01 

Clear. 

2 

72 

.00 

Do. 

3 

82 

.06 

Partly  cloudy. 

4 

80 

Trace. 

Do. 

6 

84 

.00 

Do. 

6 

84 

Trace. 

Do. 

7 

74 

Trace. 

Cloudy. 

8 

81 

.00 

Partly  cloudy. 

9 

82 

.00 

Do. 

10 

78 

.84 

Do. 

11 

70 

.00 

Clear. 

12 

70 

.00 

Do. 

13 

72 

.00 

Do. 

14 

79 

.00 

Do. 

15 

«-2 

.02 

Do. 

a  In  the  morning,  before  the  trees  were  sprayed. 


OBSEBVATIONS. 


The  trees  were  first  sprayed  on  June  20.  The  next  day  a  heavy 
rain  fell,  which  seemed  to  wash  off  the  Paris  Green  completely.  After 
waiting  for  10  days — i.  e.,  until  July  1 — to  see  whether  the  trees 
would  be  affected,  the}^  were  again  sprayed,  no  damage  being  observed 
at  that  time.  After  the  second  spraying  observations  were  made  oTi 
the  following  dates:  July  5, 10,  K],  August  11,  and  September  18, 1902. 

With  the  peaches  the  results  were  somewhat  irregular  on  account  of 
the  varying  hardiness  of  the  trees  and  the  fact  that  some  of  them  were 
attacked  later  in  the  season  by  insect  pests;  but  a  few  general  conclu- 
sions can  be  drawni  As  one  would  expect  from  previous  experiments, 
the  peaches  did  not  show  any  injury  from  the  spra}^  until  after  the  first 
considerable  rain,  on  July  10.  Then  the  trees  on  which  lime  was  not 
used  were  all  more  or  less  burned  and  partly  defoliated,  except  the  one 
sprayed  with  solution  No.  3  (6  per  cent  of  arsenious  oxid).  This  tree 
was  very  hardy  and  was  not  injured  in  any  way.  The  tree  sprayed 
with  solution  No.  1  (4.29  per  cent  of  arsenious  oxid).  without  lime,  wa^ 
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10  PARIS    GREEN   SPRAYJKG    EXPERIMENTS. 

not  injured  to  k'  great  extent,  but  a  few  leavew  fell.  The  injury  to  trees 
when  lime  was  used  with  the  Paris  Green  was  not  nearly  so  great  as 
when  lime  was  not  used,  which  was  to  be  expected.  Those  sprayed 
with  solutions  Nos.  1,  2,  and  3  (4.29,  5,  and  6  per  cent  of  arsenious 
oxid),  with  lime,  while  showing  a  slight  yellowing,  spotting,  and  fall- 
ing of  the  leaves,  were  not  injured  to  any  great  extent,  and  the  falling 
of  th«  leaves  soon  ceased.  All  of  the  sprayed  peach  trees  lost  their 
leaves  much  earlier  in  the  autumn  than  is  common  in  and  around 
Washington;  but  as  all  of  the  trees  near  by  had  been  used  in  the  exp)eri- 
ment  it  was  not  possible  to  make  any  comparison  with  unsprayed  trees 
to  ascertain  whether  the  premature  ripening  of  the  leaves  was  due  to 
some  other  cause  than  the  poison. 

The  apple  trees  when  sprayed  with  varying  strengths  of  arsenious 
oxid,  without  lime,  all  showed  about  1  to  2  per  cent  of  kijury.  A  few 
leaves  were  curled  and  burned  at  the  edges  where  the  Paris  Green  had 
collected  in  the  greatest  quantities,  but  the  injury  was  slight,  and  after 
these  leaves  fell  the  trees  did  not  show  that  they  had  been  sprayed  at 
all.  All  were  in  good  condition  and  remained  so  throughout  the  sum- 
mer, except  the  one  sprayed  with  solution  No.  1,  which  died  during 
August. 

The  same  results  were  obtained  on  the  trees  sprayed  with  the  various 
solutions  after  the  addition  of  lime.  None  was  serioiLsly  injured,  and 
in  about  two  weeks  after  the  spi'aying  no  effects  could  })e  seen.  Jn 
the  case  of  the  tree  sprayed  with  solution  No.  2,  with  lime,  it  was 
observed  that  about  one-third  of  the  leaves  had  fallen  on  September  18, 
but  as  the  trees  spra3^ed  with  much  stronger  solutions  were  in  no  way 
affected  it  appeared  that  the  dropping  of  the  leaves  was  not  caused  by 
the  spra3\  It  was  noti^d  in  the  case  of  trees  sprayed  both  with  and 
without  lime  that  about  one-half  of  them  lost  the  greater  part  of  their 
leaves  b}^  Octo})er  12,  which  is  rather  earl}'  in  this  climate.  This  was 
not  true  to  so  great  an  extent  of  the  trees  that  had  l>een  sprayed  with 
the  addition  of  lime,  but  still  there  was  a  tendency  in  this  direction. 
Four  extremely  hardy  apple  trees,  sprayed  with  solutions  Nos.  3  and 
4  (6  and  7  per  cent  arsenious  oxid),  with  lime,  did  not  drop  their  leaves 
early,  while  two  trees,  not  so  hardy,  that  were  spra3"ed  with  solutions 
Nos.  1  and  2  (4.29  and  5  per  cent  arsenious  oxid)  dropped  over  one- 
half  of  their  leaves  b\'  October  12.  It  did  not  appear  that  the  prema- 
ture dropping  of  the  leaves  in  the  autumn  was  accompanied  by  any 
permanent  injury  to  the  tree. 

The  pear  trees,  in  those  cases  in  which  no  lime  was  used,  had  a  few 
leaves  burned  on  the  edges  at  the  first  and  second  observations,  but 
these  soon  dropped  off  or  withered  away,  and  the  trees  were  in  excellent 
condition.  In  fact,  it  may  be  said  that  pear  trees  sprayed  with  any  of 
the  five  solutions  without  lime  were  practically  unaffected,  none  being 
damaged  to  the  extent  of  2  per  cent.  The  trees  sprayed  with  any  one 
of  the  solutions  with  lime  were  not  scorched  in  the  slightest  degree. 
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Toward  the  end  of  the  season  the  tree  treated  with  solution  No.  1  (4.29 
per  cent  of  arsenious  oxid),  without  lime,  died,  and  the  tree  treated  with 
solution  Mo.  2  (5  per  cent  of  arsenious  oxid),  with  lime,  dropped  its 
foliage  prematurely,  but  this  was  not  attributed  to  the  spray,  since 
trees  treated  with  much  stronger  solutions  were  in  excellent  condition, 
and,  furthermore,  the  injured  trees  appeared  to  have  been  attacked  by 
pear-leaf  blight,  so  that  a  large  number  of  leaves  turned  black  and 
withered. 

SUHMAST  OF  KBSTJLTS. 

Under  the  conditions  prevailing  during  the  early  summer  of  1902 
at  Washington,  D.  C,  the  following  conclusions  may  be  drawn: 

(1)  If  lime  is  not  used  peach  trfees  cAn  not  be  sprayed  witli  Paris 
Green  containing  even  as  little  as  4.29  per  cent  of  soluble  arsenious 
oxid;  if  lime  is  used  greens  containing  as  much  as  6  per  cent  of  soluble 
arsenious  oxid  may  be  used  without  causing  serious  damage. 

(2)  Apple  trees  may  be  sprayed  with  Paris  Green  containing  as 
much  as  8  per  cent  of  soluble  arsenious  oxid,  either  with  or  without 
lime,  without  any  inunediate  injury  to  the  tree,  although  what  the 
effect  might  be  in  causing  the  trees  to  drop  their  leaves  prematurely 
and  expose  the  fruit  has  not  been  determined. 

(3)  Pear  trees  may  be  sprayed  with  Paris  Green  containing  as  much 
as  8  per  cent  of  soluble  arsenious  oxid,  either  with  or  without  lime, 
without  any  injury  to  the  tree. 

OEGANIZATION  OF  COOPERATIYE  WORK. 

During  the  spring  of  1903  the  author  addressed  a  letter  to  the  ento- 
mologists of  several  of  the  experiment  stations  in  different  parts  of  the 
country  asking  for  their  cooperation  in  a  continuation  of  this  work. 
Favorable  replies  were  obtained  from  about  ten  different  stations,  but 
reports  were  received  only  from  the  following:  John  Craig  and  H.  E. 
Weed,  Ithaca,  N.  Y.;  C.  M.  Weed  and  J.  L.  Randall,  Durham,  N.  H.; 
F.  W.  Card  and  A.  E.  Stene,  Kingston,  R.  I.;  C.  E.  Chambliss,  Clem- 
son  College,  S.  C. ;  and  A.  B.  Cordley ,  (3orvallis,  Oreg.  Since  the  fruit 
trees  could  not  be  obtained  in  Washington  for  spraying,  permission 
was  obtained  of  Director  Patterson,  of  the  Maryland  Agricultural 
Experiment  Station  at  College  Park,  to  use  trees  upon  the  experimental 
farm.  The  spi-aying  and  tiking  of  notes  was  done  by  Mr.  Smith,  of 
the  Bureau  of  Chemistry,  and  Mr.  Symons,  of  the  Maryland  station. 

PBEPABATION  OF  SAMPLES. 

As  in  the  previous  year's  work,  a  large  keg  of  as  fine  Paris  Green  as 
it  was  possible  to  obtain  was  purchased  and  subjected  to  a  chemical 
examination.  It  was  found  that  2.84  per  cent  of  soluble  arsenious  oxid 
was  present,  according  to  the  ten-day  water-extraction  method.  Defi^ 
nite  quantities  of  chemically  pure  arsenious  oxid  were  added  and  fou^* 
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sets  of  6  samples  each  of  Paris  Greens  were  obtained  and  sent  to  all 
the  collaborators.  Each  sample  weighed  1  ounce  and  contained  the 
following  amounts  of  soluble  arsenious  oxid: 

Per  cent. 

No.  1 2.84 

No.  2 4.00 

No.  3 5.00 

No.  4 6.00 

No.  5 7.00 

No.  6 8.00 

DZBEOTIONS  FOB  SPBATING. 

(1)  Treat  each  of  the  6  samples  with  9.5  gallons  of  water  (approxi- 
mately 1  pound  to  150  gallons)  and  spraj^  hard}^  trees  such  as  apples 
and  pears. 

(2)  Treat  each  of  the  6  samples  with  9.5  gallons  of  water  and  2 
ounces  of  previously  slaked  lime,  and  again  spray  hardy  trees  such  as 
applets  and  pears. 

(3)  Treat  each  of  the  6  samples  with  15.5  gallons  of  water  (approxi- 
mately 1  pound  to  250  gallons)  and  spray  delicate  trees  such  as  peaches 
and  plums. 

(4)  Treat  each  of  the  6  samples  with  15.5  gallons  of  water  and  2 
ounces  of  previously  slaked  lime,  and  again  spray  delicate  trees  such 
as  peaches  and  plums. 

Make  duplicate  and  triplicate  experiments  in  each  case  if  enough 
trees  are  available.  When  possible  tell  what  varieties  of  trees  were 
sprayed. 

Carefully  note  the  date  of  spraying  and  observe  the  trees  for  at 
least  three  weeks.  Also  note  whether  the  leaves  fall  from  these  trees 
earlier  in  the  fall  than  from  similar  trees  that  were  not  spi'ayed. 
Keep  a  record  of  the  weather  conditions  during  the  experiment. 

Always  use  the  whole  of  the  1 -ounce  sample  forwarded  to  you  with 
the  required  amount  of  water.  This  precaution  is  of  the  greatest 
importance,  becjiuse  of  the  fact  that  these  1 -ounce  samples  are  prepared 
from  Paris  Green  to  which  is  added  definite  amounts  of  pure  arsenious 
oxid  in  order  to  obtain  the  various  percentages  of  this  substance. 
These  are  mixed  as  thoroughly  as  possible,  but  such  mixing  (^an  never 
be  perfect.  Therefore,  if  only  a  part  of  the  sample  were  used  a 
higher  or  lower  percentage  of  arsenious  oxid  nught  be  present  in  that 
part  than  in  the  whole  sample. 

KEPORT  FROM  THE  MARYLAND  STATION,  COLLEGE  PARK. 

By  B.  H.  Smith,  T.  B.  Symons,  and  J.  K.  Hayii'oop. 

Forty-eight  trees  were  utilized  for  this  experiment,  two  for  each  of 
the  solutions  tested,  one  with  and  one  without  the  addition  of  lime. 
The  apple  trees  were  York  Imperials;  the  pears,  Keiifers;  the  plums. 
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They  were 


American,  and  the  peaches,  Elberta  and  Mountain  Rose, 
all  in  good  condition  and  from  5  to  10  years  old. 

The  following  table  gives  a  description  of  the  weather  conditions 
during  the  experiment: 

Meteorological  conditions  at  College  Park,  Md. 


Date. 

Preciplta- 
Uon. 

Inches.    ^ 

General  character 
of  the  day. 

I 

Date 

1902 

Precipita- 
tion. 

Inches. 

General  character 
of  the  day. 

1902. 

May    11 

0.00 

Partly  cloudy. 

May 

26 

0.00 

Partly  cloudy. 

12 

.00 

Clear. 

27 

1.68 

Do. 

13 

.00 

Do. 

28 

Trace. 

Do. 

14 

.00 

Do. 

29 

.00 

Do. 

16 
16 

.00 
.00 

Do. 
Do. 

30 
81 

.81 

Do. 

17 

.00 

Do. 

June 

1 

.00 

Do. 

18 

.00 

Do. 

2 

.00 

Clear. 

19 

.00 

Do. 

3 

.00 

Do. 

20 

.00 

Do. 

4 

.00 

Do. 

21 

.00 

Do. 

5 

.00 

I*artly  cloudy. 

22 
23 
24 

.00 
.36 

Partly  cloudy. 
Do. 

6 
7 
8 

1.07 
.00 

Do. 
Do. 

25 

.00 

Do. 

9 

.00 

Do. 

OBSEBVATIONS. 

The  spraying  was  done  on  May  11,  1903,  and  the  first  observation 
was  made  on  May  18,  no  rain  having  fallen  in  the  meantime.  No 
injurious  effect  from  the  spi'ays  could  be  discovered  on  any  of  the 
trees.  The  orchard  was  examined  a  second  time  on  May  26,  a  light 
rain  having  fallen  on  May  2-1.  Among  the  apple  trees  a  small  per- 
centage of  the  leaves  of  Nos.  4,  5,  and  6  (6,  7,  and  8  per  cent  of  ai*seni- 
ous  oxid,  without  lime)  were  very  slightl}'^  burned,  while  No.  6  (7  per 
cent  of  arsenious  oxid,  with  lime)  had  an  occasional  blackened  leaf. 
The  remainder  showed  no  injury. 

A  number  of  the  pear  trees  were  affected  with  leaf  spot  {Septoria 
pyricola)  and  the  pear  leaf  ])lister  mite  {Phytoptm  pyricola)  so  that  a 
great  many  leaves  were  ])eginning  to  blacken  and  wither. 

A  small  i)art  of  the  foliage  of  all  the  peach  trees  used  in  the  experi- 
ment had  })egun  to  turn  yellow  and  an  occasional  leaf  showed  black 
spots,  but  the  geneml  effect  at  this  time  was  so  slight  that  no  appre- 
ciable difference  could  l)e  said  to  exist  between  the  several  trees. 

The  plum  trees  showed  no  injuriouH  effect  from  the  spraying,  with 
the  exception  of  No.  5  (7  i>er  cent  of  arsenious  oxid,  without  lime),  on 
which  a  few  leaves  were  spotted. 

On  June  9,  after  three  more  rains,  the  apple  trees  had  undergone 
practically  no  change  since  the  first  observation. 

On  the  pears  the  disease  and  mite  before  mentioned  were  working 
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havoc,  and  as  the  injury  was  as  great  on  the  trees  sprayed  with  the 
weaker  as  with  the  stronger  solutions  and  several  trees  not  sprayed  at 
all  were  affected  to  nearly  as  great  an  extent  as  those  sprayed,  it  was 
thought  best  to  exclude  the  pear  trees  from  the  experiment. 

The  peaches  were  now  considerably  damaged,  though  how  much  of 
this  was  due  to  the  rather  dry  weather  of  the  previous  month,  which 
doubtless  had  a  certain  amount  of  influence,  was  difficult  to  determitie. 
The  notes  taken  at  this  time  are  given  below: 

Peaches  (without  lime). 

No.  1.  A  few  leaves  have  black  spots;  about  35  per  cent  turning  yellow  and 
dropping. 

No.  2.  Same. 

No.  3.  About  5  per  cent  of  leaves  more  or  less  scorched;  half  the  leaves  dropping. 

No.  4.  Same. 

No.  5.  About  10  per  cent  of  the  leaves  are  scorched;  leaves  are  yellow  and  as  many 
on  the  ground  as  on  the  trees. 

No.  6.  Not  burned  as  badly  as  the  others  and  fewer  leaves  dropping;  a  very  vigor- 
ous tree. 

Peaches  (with  lime). 

No.  1.  No  leaves  burned;  about  5  per  cent  dropping. 

No.  2.  Same,  except  that  about  10  per  cent  are  dropping. 

No.  3.  Very  few  leaves  burned;  leaves  dropping  considerably. 

No.  4.  Injury  a  little  more  pronoimced  than  on  No.  3. 

No.  5.  Practically  the  same  as  No.  4. 

No.  6.  About  5  per  cent  of  leaves  burned  and  dropping;  almost  the  same  as  Noe.  4 
and  5. 

At  this  time  the  plum  leaves  were  perforated  to  some  extent  by  the 
plum  leaf  shot-hole  fungus  {StptorUt  cerasiiia)^  but  also  showed  con- 
siderable injury  from  the  spray.  The  notes  made  on  this  date  are  as 
follows: 

Plums  (without  limb). 

No.  1.  Very  few  leaves  burned. 

2.  Probably  5  per  cent  of  leaves  burned. 

3.  Same  as  No.  1. 

4.  Large  percentage  of  leavte  burned  at  edges. 

5.  .Large  percentage  of  leaves  burned  at  edges, 

6.  Large  percentage  of  leaves  burned  at  edges. 

Plumh  (with  limb). 

No.  1.  Few  leaves  slightly  bume<l;  small  tree. 

2.  No  injury. 

3.  No  injury. 

4.  Few  leaves  burned. 

5.  Few  leaves  burned. 

6.  Few  leaves  burned. 

After  twenty  days  another  examination  was  made.  The  interven- 
ing wet  weather  was  evidently  of  great  benefit. to  the  orchard,  as  the 
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trees  had  begun  a  new  growth  and  the  leaves  developed  a  darker 
color. 

The  slight  injury  to  the  apple  trees  of  the  month  before  was  not 
noticeable,  both  those  sprayed  with  and  without  lime  being  in  good 
condition. 

The  peaches  were  located  on  a  dry  knoll  and  accordingly  had  suf- 
fered most  from  the  drought,  but  at  this  observation,  after  having 
dropped  their  affected  leaves  and  put  forth  new  ones,  both  series  of 
the  trees  had  so  far  recuperated  as  to  show  scarcely  any  effect  from 
the  Paris  Green,  the  foliage  being  nearly  as  thick  as  upon  unsprayed 
trees. 

The  plum  trees,  while  showing  more  injury  than  the  peaches,  were 
decidedly  improved. 

The  last  examination  was  made  on  August  8,  and  as  far  as  could  be 
ascertained  the  trees  of  all  varieties  had  completely  recovered  from 
the  effects  of  the  various  sprays. 

OONCLUSIONS. 

The  effect  of  these  Paris  Greens,  both  with  and  without  lime,  upon 
the  apple  trees  was  very  slight,  and,  as  far  as  could  be  estimated,  the 
same  may  be  said  of  the  pears. 

To  the  peach  trees  considerable  temporary  injury,  as  shown  by  a  drop- 
ping of  the  leaves,  was  done  bj'  all  the  greens  without  lime,  although 
the  trees  seemed  to  recover  later  in  the  season.  With  lime  the  peaches 
were  not  injured  to  any  great  extent,  even  temporarily,  by  greens 
Nos.  1,  2,  and  3  (2.84,  4,  and  5  per  cent  of  arsenious  oxid),  but  were 
injured  temporarily  to  quite  an  extent  by  greens  Nos.  4,  5,  and  6  (6, 
7,  and  8  per  cent  of  arsenious  oxid).  All  of  the  trees,  however,  seemed 
to  recover  before  the  end  of  the  season.  An  interesting  point  noted 
in  the  case  of  the  peach  trees  was  that  no  injury  was  noticeable  until  a 
month  after  the  application  of  the  spray,  the  delay  in  action  being 
probably  due  to  the  absence  of  rain. 

Another  fact  emphasized  by  the  observations  was  that  the  injury 
always  depended  to  a  considerable  extent  ui)()n  the  physical  condition 
of  the  individual  tree;  in  a  nuni])er  of  cases  a  particularly  vigorous 
specimen  showing  no  injury,  while  its  less  thrifty  neighbor,  which 
was  perhaps  sprayed  with  a  Paris  Green  containing  less  soluble 
arsenious  oxid,  was  seriously  damaged. 

From  the  results  of  this  work  it  is  believed  that  apple  and  probably 
pear  trees  can  be  sprayed  with  Paris  Green  containing  8  per  cent  of 
soluble  arsenious  oxid  and  sustain  no  injury.  The  observations  made 
on  peach  and  plum  trees  tend  to  show  that  if  lime  is  added  Paris  Green 
containing  as  high  as  5  per  cent  of  free  arsenious  oxid  may  be  safely 
used. 
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EEPOET  FEOM  THE  NEW  YOEK  STATION,  ITHACA. 

By  John  Craio  and  H.  E.  Weed. 

The  Paris  Green  was  applied  to  the  foliage  of  apple,  pear,  peach, 
and  plum  trees  according  to  the  directions  accompanying  the  samples. 
The  trees  were  spmyed  on  May  25,  and  26,  1903,  and  the  final  results 
observed  and  notes  taken  on  June  16.  In  the  notes  on  the  damage 
done  to  the  foliage  given  telow  the  terms  ''no  injury  indicated," 
''injuiy  indicated,"  ''somewhat  injured,"  "injured,"  and  "badly 
injured"  are  used  to  indicate  the  various  degrees  of  injury  in  order 
that  the  results  ma}'^  be  compared.  In  the  same  way  the  terms  "  spray- 
ing safe,"  "spi-aying  questionable,"  and  "spraying  unsafe"  are 
employed  to  indicate  whether  or  not  it  would  be  expedient  to  spray 
with  the  amount  of  soluble  arsenious  oxid  contained  in  the  solution. 

The  rainfall  during  the  period  of  the  experiment  and  the  results 
obtained  are  as  follows: 

RainfaU  at  Ithaca^  N.  Y. 


Date. 

Precipi- 
tation. 

Date. 
1903. 

Precipi- 
tation. 

Date. 

Precipi- 
tation. 

{     Date. 

Precipi- 
tation. 

1903. 

Incfies. 

Inches. 

1903. 

Inches. 

1      1903. 

Inches. 

May  1 

T. 

May   15 

.00 

May   29 

.01 

June  12 

1.66 

2 

0 

16 

.00 

30 

.00 

13 

.01 

S 

.08 

17 

.00 

31 

.00 

¥ 

.01 

4 

.13 

18 

.00 

June    1 

.00 

16 

.11 

6 

0 

19 

T. 

2 

.00 

16 

T. 

6 

0 

20 

.00 

3 

.00 

17 

.19 

7 

T. 

21 

.02 

4 

.00 

18 

.28 

8 

0 

22 

T. 

5 

.00 

19 

.09 

9 

0 

23 

.00 

6 

.00 

20 

1.06 

10 

0 

24 

T. 

7 

.03 

21 

.74 

11 

0 

25 

.00 

8 

.01 

22 

0 

12 

0 

26 

T. 

9 

.06 

23 

.54 

13 

0 

27 

T. 

10 

.02 

14 

0 

28 

.06 

11 

.04 

OBSEBVATIONS. 

APPLE,  VARIETY  GOLDEN  SWEET. 


No. 


Mixture  used. 


Effect  on  foliai^e. 


I  f Without  lime. 

I  (with  lime.... 

I I  Without  lime. 

'  !  I  With  lime 


[Without  lime. 
IWithlime 

f Without  lime. 
(With  lime 

f Without  lime. 
(With  lime 


[Without  lime. 
IWithllme.... 


Injury  indicated  ... 
No  injury  Indicated 

Injury  indicated  . . . 
No  injury  indicated 

Somewhat  injured. . 
Injury  indicated  . . . 

Injured 

Slight  injury 

Injured 

Somewhat  injured . . 

Badly  injured 

Injured 


Remarlu. 


Spraying  fiaf e. 
Do. 

Do, 
Do. 

Spraying  questionable 
Spraying  safe. 

Spraying  unsafe. 
Spraying  safe. 

Spraying  unsafe. 
I  Spraying  questionable. 
Spraying  unsafe. 
Do. 


Digitized  by 


Google 


Bui.  82,  Bureau  of  ChomliUy,  U.  S.  Dcpt.  Agr. 


Plate  I. 


jr^         m 

, I 


z  O 

C=         > 


30 

> 
r 

O 

o 

z 
g 

H 
O 


N3 

'l 
■D 
m 

> 
o 

z 

c    i  ^ 

i     ? 


z 
o 


Diqitized  by 


Google 


Digitized  by 


Google 


Bui.  82,  Bureau  of  Chemist^,  U.  S.  Dept.  Agr. 


Plate  II. 


I 
•V 

m 

> 
o 

I 

H 

JO 

T.   s 


J 


r  ^ 

r    H 
^     CO 

?  ? 

M     c 

■^   o 

z 

z 
o 


H 
I 

r 
m 


P 
^^ 

'I 


?    CO 

-       -< 


=  CO 

=  o 

t  r 

—  c 

I  i 

"  Z 

o 


H 
I 
O 

c 
H 

r 
m 


Digitized  by 


Google 


Digitized  by 


Google 


OBSERVATIONS,  ITHACA,  N.   T. 
Obtervaiimui — Continued. 

PEAR,  VARIETY  BARTLETT. 


17 


No. 


Mixture  used. 


(Without  lime. 
[With  lime.... 

If  Without  lime. 

[With  lime 

I 

(Without  lime, 
ji With  lime.... 

JWIthout  lime. 
(With  lime.... 

j Without  lime, 
j  I  With  lime.... 

IjWlthout  lime, 
liwithlime 


Effect  on  foliage. 


Injury  indicated 

No  injury  indicated . 

Somewhat  Injured . . . 
Injury  indicated 

Injured 

Injury  indicated 

Injured 

Somewhat  injured. . . 

Badly  injured 

Injured 

Badly  injured 

Injured 


Remarks. 


Spraying  safe. 
Do. 

Spraying  questionable. 
Spraying  safe. 

Spraying  unsafe. 
Spraying  safe. 

Spraying  unsafe. 
Spraying  questionable. 

Spraying  unsafe. 
Do. 

Do. 
Do. 


PLUM.  VAKIEIY  MARIANNA. 


f Without  lime. 
Iwithlime.... 

[Without  lime. 
(With  lime.... 

(Without  lime. 
[With  lime 

(Without  lime. 
[With  lime.... 


(Without  lime. 
[With  lime 

(Without  lime. 
[With  lime.... 


Injury  indicated 

No  injury  indicated . 

Injure*! 

Injury  indicated 

Injured 

Injury  indicated 


Spraying  safe. 
Do. 

Spraying  questionable. 
Spraying  safe. 

S))raying  unsafe. 
Spraying  safe. 

Badl  y  in  j  ured Spray  i  ng  unsafe. 

Somewhat  injured Spraying  questionable. 

Badly  injured Spraying  unsafe. 

Injured Do. 

Badl  y  in  J  ured 

Injured 


Do. 
Do. 


PEACH,  VARIETY,  STUMP. 


(Without  lime I  Somewhat  injured Spraying  questionable. 

[With  lime In  jury  indicated !  Spraying  safe. 


(Without  lime. 
[With  lime.... 

(Without  lime. 
[With  lime.... 

'(Without  lime. 


[With  lime i  Injured. 

(Without  lime |  Badly  injured . 

j[With  lime '  Injured 


Injuretl Spraying  unsafe. 

Injury  indicated |  Spraying  safe. 

Injured Spraying  unsafe. 

Somewhat  injured ;  Spraying  questionable. 

Badly  injured ■  Spraying  unsafe. 


'(Without  lime. 
*  I  [With  lime.... 


Badly  Injured  . 
Injured 


Do. 

Do. 
Do. 

Do. 
Do. 
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On  June  16  and  17  another  set  of  aprayings  was  made  on  the  plum 
trees,  the  object  being  to  obtain  the  cumulative  effect  of  the  sprays 
and  also  to  ascertain  whether  the  same  injury  would  be  done  at  this 
time  as  was  noted  after  the  sprayings  of  May  25  and  26.  In  this 
experiment  the  plum  trees  previously  used  were  again  sprayed  with 
the  same  solutions  and,  in  addition,  some  trees  not  used  before  were 
treated.  Solutions  Nos.  1,  2,  and  3  were  applied  on  the  afternoon  of 
June  16,  and  solutions  Nos.  4,  5,  and  6  on  June  17.  A  rainfall  of  0.19 
inch  occurred,  however,  on  the  same  day,  and  the  results  with  Nos.  4, 
5,  and  6  were  entirely  inconclusive,  as  no  effect  at  all  was  produced, 
except  on  protected  portions  of  the  lower  leaves. 

The  results  obtained  with  Nos.  1,  2,  and  3,  applied  on  June  16  and 
followed  by  0.19  inch  of  rain  on  the  following  day,  while  not  definite 
enough  for  tabulation,  plainly  indicate  that  the  last  spraying  did  more 
injury  than  the  fii'st,  and  this  was  especially  noted  in  the  case  of  the 
trees  which  received  two  applications.  The  greater  amount  of  injury 
resulting  from  the  second  spraying  can  be  easily  explained,  as  at  the 
time  of  the  first  spraying  the  leaves  were  still  3'oung  and  the  weather 
for  four  weeks  previous  had  been  extremely  dry.  Furthermore,  from 
the  weather  chart  it  will  be  seen  that  only  a  small  amount  of  rain  fell 
during  the  three  weeks  following  the  spraying  on  May  25  and  26. 

OOKCLUSIOKS. 

The  results  obtained  may  be  summarized  as  follows: 

(1)  Of  the  apple,  pear,  plum,  and  peach  foliages  the  apple  is  injured 
the  least,  the  pear  and  plum  are  affected  to  about  the  same  degree,  and 
the  peach  is  injured  the  most. 

(2)  If  only  one  application  is  made,  Paris  Green  containing  4  per 
cent  of  free  arsenious  oxid  can  be  applied  with  safety  to  apple  trees 
and  with  the  addition  of  lime  6  per  cent  may  be  present 

(3)  If  only  one  application  is  made  to  pear  or  plum  trees,  Paris 
Green  containing  3  per  cent  of  free  arsenious  oxid  can  be  applied  with 
safety  and  with  the  addition  of  lime  5  per  cent. 

(4)  One  application  to  peach  trees  of  Paris  Green  containing  3  per 
cent  of  free  arsenious  oxid  can  not  be  made  with  safety  without  the 
addition  of  lime;  with  lime  4  per  cent  may  be  used. 

(5)  Two  applications  will  do  more  damage  than  a  single  one,  and 
more  injury  is  apt  to  occur  if  the  weather  conditions  were  normal 
previous  to  the  spra3ang  than  if  very  dry  weather  obtained. 

Some  observations  were  made  on  the  manner  in  which  the  foliage 
of  the  different  trees  is  affected.  On  the  apple  tree  the  injury  is  indi- 
cated by  small,  light-brown  spots,  well  distributed  over  the  leaves. 
On  the  pear  and  plum  trees  the  damage  is  indicated  by  larger  dark- 
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brown  spots,  occurring  mostly  along  the  sides  of  the  leaves,  while  on 
the  peach  leaves  the  spots  are  large,  nearl}'  circular,  and  distributed 
over  various  portions  of  the  leaves. 

BEPOBT  EEOM  THE  BHODE  ISLAKD  STATION,  KINOBTOH. 

By  F.  W.  Card  and  A.  E.  Stknk. 

The  spraying  mixtures  were  made  up  strictly  according  to  direc- 
tions. The  apple  and  pear  trees  were  sprayed  on  May  26,  1903,  and 
the  peaches  on  May  27.  The  following  table  shows  the  weather  con- 
ditions under  which  the  experiment  was  conducted: 

Meteorological  dcUay  Kingstorij  R.  I. 




Date. 

Rainfall. 

1903. 

Inches. 

May  25 

0.00 

26 

.00 

27 

.00 

28 

.00 

29 

.00 

30 

.50 

31 

.00 

June    1 

.00 

2 

.00 

3 

.00 

4 

.00 

Character  of  day. 


(?lear. 

Do. 
Partly  cloudy. 
Cloudy, 
(^lear. 

Partly  cloudy. 
Clear. 

Do. 

Do. 

Do. 
Smoky. 


Date. 

Rainfall. 

190:^. 

Inches. 

June    5 

0.00 

6 

.00 

'                 7 

.41 

8 

.86 

9 

.00 

1                1» 

.39 

11 

1.77 

1               12 

.45 

1               1» 

.00 

1               ^^ 

.00 

(Character  of  day. 


Smoky. 

Do. 
Cloudy. 

Do. 

Do. 

Do. 

Do. 

Do. 
Clear. 

Do. 


OBSEKVATIOKS. 


Apples. 


The  apple  trees  used  for  the  experiment  were  Northern  Spj^s,  and  one 
tree  was  spra3xd  with  each  sample  of  green.  The  trees  stood  in  two 
rows,  side  by  side,  and  the  samples  with  lime  were  applied  to  one  row 
and  those  without  lime  to  the  other.  These  experiments  gave  but 
slight  results.  Of  the  trees  sprayed  without  lime  the  two  receiving 
samples  Nos.  2  and  5  (4  and  7  per  cent  of  arsenious  oxid)  showed  some 
burning  of  the  foliage  after  the  rains  of  June  7  to  10.  The  tree 
sprayed  with  No.  2  seemed  to  be  the  most  affected.  The  trees  sprayed 
with  the  addition  of  lime  suffered  no  appreciable  burning  of  the 
foliage. 

Pear><. 

The  pear  trees  receiving  no  lime  were  the  Frederick  Clapp,  Hardy, 
Kieffer,  Pitmaston  Duchess,  Superfine,  and  Anjou;  those  receiving  the 
addition  of  lime  were  the  Hardy,  Hoosic,  Louise  Bonne,  Sheldon,  andL 
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Urbaniste.  These  trees  were  all  in  a  single  row  and  every  other  one 
was  spmyed  with  the  samples  containing  no  lime,  the  alternates  bein^ 
sprayed  with  the  admixture  of  lime.  After  the  rain  of  June  7  to  10 
the  Pitnmston  Duchess,  sprayed  without  the  addition  of  lime,  had  a 
few  burned  leaves,  and  the  Kieffer  and  Hardy,  similarly  treated, 
showed  slight  traces  of  burning.  The  trees  receiving  the  spraying 
mixture  mixed  with  lime  showed  no  trace  of  burning  whatever. 

Peaches. 

The  peaches  sprayed  stood  in  two  rows,  side  b}'^  side,  one  row  receiv- 
ing the  Paris  Green  alone  and  the  corresponding  trees  in  the  other  row 
receiving  the  same  green  with  the  addition  of  lime.  Those  receiving 
the  samples  with  lime  were  three  of  the  Crawford  Late  variety  and 
three  Fitzgeralds.  Three  Champions  and  three  of  the  Hill  Chili  vari- 
ety were  spra3'^ed  with  the  samples  without  lime.  None  of  the  trees 
showed  any  effects  of  the  spra^^ing  until  after  the  rain  of  May  80.  The 
results  in  every  case  were  proportionate  to  the  amount  of  soluble 
arsenious  oxid  used.  Those  receiving  the  lime  were  far  less  affected 
than  those  not  receiving  it;  in  fact,  the  former  showed  hardly  any 
effects  until  after  the  heavy  rains  of  June  7  to  10.  The  tree  which  was 
spi'ayed  with  sample  No.  6  (8  per  cent  of  arsenious  oxid),  without  lime, 
lost  nearly  all  of  its  leaves  and  did  not  recover  during  the  season.  A 
number  of  the  branches  died  and  it  made  practically^  no  growth  after 
the  application  of  the  green.  The  tree  sprayed  with  the  same  sample 
with  lime  was  affected  about  the  same  as  the  tree  spra^^ed  with  sample 
No.  1  (2.84  per  cent  of  arsenious  oxid)  without  lime.  As  before  stated, 
the  other  trees  were  affected  proportionate!}'  to  the  amount  of  soluble 
arsenious  oxid  in  the  sample  with  which  the\'  were  sprayed. 

It  appears  that  sample  No.  3  (5  per  cent  of  arsenious  oxid)  repre- 
sents the  maximum  limit  when  lime  is  added,  since  Nos.  4,  5,  and  6  ((>, 
7,  and  8  per  cent  of  arsenious  oxid)  caused  considerable  damage.  All 
of  the  greens  did  too  much  injury  to  the  peach  trees  when  used  with- 
out lime.  In  no  case  did  the  trees  sprayed  seem  to  lose  their  leaves 
any  earlier  than  those  not  sprayed. 

The  illustrations  accompanying  this  re[X)rt  show  the  injur}"^  to  peach 
trees  inflicted  by  several  of  the  greens,  and  with  their  legends  explain 
themselves. 

BEPOBT  FBOM  THE  SOUTH  CABOLIHA    STATIOK,  CLEMSOK 

COLLEGE. 

By  C.  E.  Chambli88. 

The  solutions  weie  made  up  and  applied  in  strict  conformity  to  the 
accompanying  directions.  The  table  following  shows  the  condition  of 
the  weather  during  the  time  of  the  experiment. 
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Pate. 

Rainfall. 

Maximiini 

tempera- 

tiire. 

Minimum 
tempera- 
ture. 

Date. 

lUinfall. 

Maximum 
tempera- 
ture. 

Minimnni 
tempera- 
ture. 

1903. 

Inches. 

°F. 

°F. 

1903. 

Tnchc*. 

°F. 

ojp^ 

Juno  12 

00 

75 

58 

June  22 

T. 

89 

69 

13 

00 

74 

42 

28 

00 

92 

61 

14 

00 

80 

47 

24 

00 

89 

56 

15 

00 

89 

54 

25 

.08 

90 

60 

16 

00 

89 

54 

26 

.09 

80 

60 

17 

00 

88 

56 

27 

.10 

80 

66 

18 

00 

91 

58 

28 

00 

85 

62 

19 

00 

91 

60 

29 

00 

87 

66 

•20 

00 

94 

62 

30 

00 

93 

62 

21 

00 

OBSERVATIONS. 

Apples  (withoitt  lime). 

This  group  of  trees  was  spmyed  on  June  15,  1903,  and  observations 
were  made  on  June  23,  up  to  which  time  no  rain  had  fallen,  and  again 
on  July  11,  during  which  period  there  had  })een  sevenil  rainfalls.  At 
the  first  observation  no  effects  w(Me  noti(^eable  on  any  of  the  trees. 
At  the  second  observation  the  following  effects  were  noted: 

No.  1.  Simmons  Red. — The  edgoH  of  some  leave's  were  black  and  many  had  fallen. 

No.  2.  Mnverklz  Sweet  and  hturence  (ireenimj. — Foliage  of  the  former  wa«  black  on 
the  edges,  but  no  leaves  ha<l  fallen.  Alx)ut  one-fifth  of  the  foliage  of  the  latter  was 
black  on  the  edges,  but  no  leaves  had  fallen. 

No.  S,  lAiurence  Grennng  and  Elgin  Pippin. — The  foliage  of  the  former  was  badly 
burned  and  one-third  of  it  had  fallen;  one-third  of  the  foliage  of  the  latter  was  bunied 
very  slightly. 

No.  4'  MrH.  Bryan  and  Shockletf. — The  foliage  of  the  former  was  only  slightly  burned 
and  a  few  leaves  ha<l  fallen;  the  foliage  of  the  latter  was  bunied  and  the  tree  seemed 
to  be  sickly. 

No.  6.  Yopps  Favorite  and  Golden  Beauty. — One-half  of  the  foliage  of  both  had 
fallen  and  the  rest  was  badly  burned. 

No.  6,  Horn. — One  tree  suffered  a  slight  burning  of  the  foliage,  while  the  other  was 
practically  unaffectwl. 

Apples  (witu  lime). 

This  group  of  trees  was  sprayed  on  June  16, 1903,  and  observations 
were  made  on  the  dates  mentioned  above.  At  the  first  o])servation  no 
effect  was  noticeable,  but  at  the  second  the  following  changes  were 
noted: 

No.  1.  Black  Warrior. — One-half  of  the  foliage  had  fallen  and  the  remainder  was 
slightly  burned. 

No.  2.  RawUt  Janet. — Only  a  few  leavt»s  had  fallen,  the  remainder  l)eing  slightly 
burned. 

No.  S.  Grimes  Golden. — These  two  trees  were  apparently  not  affecte<l. 

No.  4.  Family  and  Rhodes  Orange. — A  few  leaves  had  fallen. 
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No.  5.  Red  June, — One-thinl  of  tlie  foliage  had  fallen  an<l  the  remainder  was 
burned. 

No.  6.  Jewetts  Best  and  ChaUahoochee. — One-fifth  of  the  foliage  of  the  former  had 
fallen  and  the  remainder  was  burned.  The  foliage  of  the  latter  was  only  slightly 
burned. 

Peaches  (wfthout  lime). 

These  trees  were  sprayed  and  observations  taken  on  the  dates  men- 
tioned above  for  apples  without  lime. 

No.  1.  Tmley^B  October. — At  the  first  observation  a  few  leaves  had  Mien  and  at 
the  second  four-fifths  of  the  foliage  had  fallen  and  the  remaining  leaves  were  badly 
burned. 

No.  S.  Tinley^s  October. — At  the  first  observation  a  few  leaves  had  fallen  and  at 
the  second  four-fifths  of  the  foliage  had  fallen  and  the  remaining  leaves  were  badly 
burned,  but  new  leaves  were  putting  forth. 

Peaches  (wrrn  limb). 

These  trees  were  sprayed  on  June  16,  1903,  and  observations  were 
taken  on  the  dates  mentioned  above. 

,  No.  J.  Elberta  and  Stump  tlie  Worhl.— At  the  first  observation  a  few  leaves  had 
fallen  from  both.  At  the  second  observation  the  former  had  lost  one-half  of  ita  foli- 
age autl  the  remainder  was  batlly  burned,  while  the  latter  had  lost  four-fifths  of  ito 
foliage,  the  remainder  being  the  terminals. 

No.  2.  Tinley^s  October. — At  the  first  olwervation  a  few  leaves  had  fallen.  At  the 
second  observation  four-fifths  of  the  foliage  had  fallen,  but  new  leaves  were  putting 
forth. 

The  stronger  spraying  solutions,  Nos.  3  to  6,  were  not  tested  on 
the  peach  trees. 

Plums  (without  lime). 

The  trees  were  sprayed  on  June  15,  ancj  observations  taken  on  the 
dates  mentioned  above. 

No.  S.  Ixnnbard. — At  the  first  observation  a  few  leaves  were  slightly  burned.  At 
the  second  oliservation  one-third  of  the  foliage  had  fallen.  The  leaves  were  badly 
burned  on  one  tree  and  very  yellow  on  the  other.     New  leaves  were  putting  forth. 

No.  4'  Chalco. — At  the  first  ol)servation  the  leaves  fell  readily  when  the  tree  was 
shaken.     At  the  second  observation  only  a  few  leaves  remained  on  the  trees. 

No.  6.  Ogon  and  Wanamaker.  At  the  first  observation  yellow  leaves  were  numerous 
and  fell  readily  when  the  trees  were  shaken.  At  the  second  observation  all  of  the 
leaves  had  fallen. 

No.  6.  Oernum  Prune  and  Juicy. — At  the  first  observation  no  effect  was  noticeable. 
At  the  second  both  were  badly  burned,  but  practically  no  leaves  had  fallen. 

Plums  (wfthoitt  lime). 

The  trees  were  sprayed  on  June  16,  1903,  and  observations  taken  on 
the  dates  mentioned  above. 

No.  S.  Shiro  and  Fellenlmrg. — At  the  firet  observation  no  effect  was  noticeable.  At 
the  second  some  of  the  foliage  <>i  th(^  former  had  fallen  and  yellow  and  badly  bunied 
leaves  were  present.  Only  a  few  leaves  of  the  latter  tree  had  fallen,  but  they  were 
badly  burned. 
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No,  4*  Red  June. — At  the  first  observation  leaves  fell  when  the  tree  waa  shaken. 
At  the  second  nine-tenths  of  the  foliage  had  fallen  and  the  remaining  leaves  were 
badly  burned. 

No.  6.  Wickmn  and  Abundance. — At  the  first  observation  the  leaves  of  the  former 
tree  fell  readily  when  shaken,  and  burned  leaves  were  numerous  on  the  latter.  At 
the  second  observation  one-half  of  the  foliage  of  both  had  fallen,  but  new  leaves 
were  putting  forth. 

No.  6.  Wickston  and  Sultan. — At  the  first  observation  leaves  fell  when  the  trees  were 
shaken.  At  the  second  one-third  of  the  foliage  had  fallen,  but  new  leaves  were  put- 
ting forth. 

BESTTLTS. 

These  results,  obtained  as  they  were  by  one  spraying  of  one  or  two 
trees  by  each  sample,  are  not  considered  conclusive;  a  tabulation  of 
the  results  of  several  sprayings  would  be  more  significant.  However, 
from  the  results  obtained  it  would  appear  that  it  is  not  safe  to  spray 
apple  trees  with  Paris  Green  containing  more  than  4  per  cent  of  solu- 
ble arsenious  oxid  without  lime;  with  lime  not  more  than  6  per  cent 
should  be  present.  None  of  the  samples,  either  with  or  without  lime, 
appears  to  be  safe  on  peach  foliage.  The  smallest  percentage  used  on 
plum  trees  was  5  per  cent  of  soluble  arsenious  oxid,  and  that  was  too 
strong  without  lime,  but  from  the  results  obtained  with  5  per  cent  of 
soluble  arsenious  oxid  with  lime,  it  would  seem  that  4  per  cent  with 
lime  would  be  safe. 

BEFOBT  EEOM  THE  NEW  HAMP8HIEE  STATIOK,  DUEHAH. 

By  C.  M.  Weed  and  J.  Ij.  Randall. 

Plum  and  apple  trees  were  used  for  this  experiment,  as  they  were 
the  only  ones  available  for  the  purpose  at  the  time.  All  the  trees 
were  of  thrifty  growth,  the  apples  of  five  years  bearing  and  the  plums 
of  two  years.  They  were  all  of  the  same  age  and  practically  the  same 
height.  The  trees  were  sprayed  on  July  28,  which  was  warm  and 
clear,  and  the  effect  on  the  foliage,  whenever  there  was  any,  was  noted 
within  less  than  twenty-four  hours.     The  following  notes  were  taken: 

0B8BBVATI0KS. 

Apples  (without  lime). 

Baldwin  apples  were  used  exclusively  both  for  the  experiments  with 
and  without  lime. 

No.  1  showed  several  burnt  spots,  but  was  not  severely  injured  and  no  leaves  fell. 

No.  2  did  not  differ  from  No.  1  and  the  spots  were  not  very  abundant. 

No.  3,  although  there  seemed  to  be  no  cause  for  it,  was  burned  more  than  any 
other  tree  except  No.  6.  Brown  blotches  appeared  on  a  large  part  of  the  foliage  and 
a  few  leaves  curled  as  if  about  to  fall. 

No8.  4  and  5  l)oth  had  many  burned  spots  and  some  blotches.     None  of  the  leave^ 
curled,  except  occasionally  when  a  blotch  or  spot  came  to  the  edge  of  the  leaf. 
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No.  6  was  injured  the  moet  of  any.  Laiige  patches  appeared  on  many  of  the  leaves, 
which  turned  brown.  Under  the  microscope  the  cell  protoplasm  was  shrunken  in 
these  blotches  and  in  the  centers  of  the  smaller  spots. 

Applbb  (with  lime). 

No.  1  had  small  brown  spots  on  a  very  few  leaves. 

No.  2  was  burned  more  than  No.  1,  yet  the  leaves  did  not  fall  and  the  cells  were 
killed  only  in  a  few  places. 

No.  3  suffered  little,  if  any,  more  injury  than  No.  2. 

Nob.  4  and  5  showed  some  burned  spots  on  the  leaves  unevenly  distributed.  These 
trees  were  affected  about  the  same  as  Nos.  1  and  2  without  lime. 

No.  6  showed  smaller  but  more  numerous  sjwts  than  those  observed  on  Nos.  4 
and  5. 

Plums  (wrrHoirr  limb). 

No.  1.  Imperial  Sage. — The  leaves  showed  quite  prominent  brown  spots,  which 
were  more  numerous  in  the  direct  sunlight  than  on  shaded  parts  of  the  tree. 

No.  2.  i?ra<2«/ui?/7.— This  tree  was  slightly  more  damaged  than  No.  1,  but  none  of 
the  leaves  was  injured  enough  to  fall. 

No.  S.  Abundance. — This  tree  was  damaged  more  than  any  other  except  No.  6. 
Many  of  the  leaves  were  curled  and  a  few  fell.  The  tree  had  not  entirely  recovered 
when  the  leaves  fell  in  the  autumn. 

No.  4'  Washington. — Rome  of  the  leaves  were  burned  and  curled,  but  the  injury 
done  was  not  so  great  as  in  the  case  of  No.  3.  The  tree  had  recovered  before  the 
leaves  fell. 

No.  f).  Yeilo7o  Japan. — A  few  leaves  curled  and  fell.  This  tree  was  burned  more 
than  No.  4  and  al>out  the  same  as  No.  3. 

No.  6.  Wyani. — This  tree  was  burned  more  tlian  any  other.  Many  of  the  leaves 
at  the  top  were  half  burned  and  a  large  number  fell. 

Plums  (with  lime). 

No.  1.  De  SoU). — On  July  30  this  tree  showed  only  a  few  scattered  brown  spots  on 
the  leaves.     On  August  15  it  had  entirely  recovered. 

No.  ^.  German  Prune. — The  injury  was  al)out  the  same  as  that  inflicted  on  No.  1, 
without  lime.  A  few  brown  spots  were  observed,  which  gradually  disappeared,  until 
on  August  21  the  tree  had  entirely  recovered. 

No.  S,  Relne  Claude. — About  as  much  damage  was  done  in  this  case  as  to  No.  2, 
without  lime,  the  lime  seeming  to  nullify  the  effect  of  about  1  per  cent  of  soluble 
arsenious  oxid.     On  August  25  the  tree  had  entirely  recovered. 

No.  4.  Green  Gage. — The  leaves  of  this  tree  were  burned  in  roun<l  spots,  and  a  few 
curled;  but  in  thirty  days  it  had  entirely  recovered. 

No.  5.  Saimima. — This  tree  was  damaged  al)out  the  same  as  No.  4,  without  lime. 

No.  6.  HVa?«CT'. — Spots  and  blotches  appeared,  and  a  few  leaves  fell;  but  the  tree 
recovered  before  the  season  was  over. 

The  authors  of  the  report  from  the  New  Hampshire  station  prefer 
not  to  give  an  opinion  in  regard  to  the  amount  of  soluble  arsenious 
oxid  that  can  be  endured  by  apple  and  phim  trees,  as  the  data  obtained 
is  deemed  by  them  insufficient  to  serve  as  a  basis  of  such  an  opinion. 
It  appears,  however,  to  the  author  that  certain  tentative  conclusions 
may  be  drawn  which  can  be  compared  with  the  results  obtained  by  the 
various  other  stations  and  definite  conclusions  thus  be  obtained.     Bas- 


Digitized  by 


Google 


OBSERVATIONS,  COBVALLIS,  OREG.  26 

ing,  then,  an  opinion  upon  this  single  set  of  experiments,  it  would 
appear: 

(1)  That  when  lime  is  not  used  a  Paris  Green  containing  4  per  cent 
of  soluble  arsenious  oxid  can  be  used  on  apple  trees,  while  one  con- 
taining 7  per  cent  can  be  used  with  the  addition  of  lime. 

(2)  That  if  lime  is  not  used  a  Paris  Green  containing  4  per  cent  of 
soluble  arsenious  oxid  can  be  used  on  plum  trees.  If  lime  is  used  it 
would  appear  that  a  Paris  Green  containing  6  or  6  per  cent  might  be 
safely  used. 

BEPOBT  FROM  THE  OBEOOK  STATION,  COBVALLIS. 

By  C.  B.  CORDLEY. 

In  the  experimental  work  done  in  testing  the  effects  of  varying 
amounts  of  free  arsenious  oxid  in  Paris  Green  on  foliage,  the  direc- 
tions were  very  caref nil}'  followed.  For  each  test  the  required  amount 
of  water  was  placed  in  a  barrel,  to  which  was  added  the  amount  of  milk 
of  lime  specified,  if  any,  and  then  the  Paris  Green.  The  whole  was 
stirred  thoroughly  and  at  once  sprayed  upon  the  trees.  The  work  was 
done  with  a  small  hand  pump,  fitted  with  a  Vermorel  nozzle,  and  great 
care  was  exercised  to  see  that  every  leaf  was  thoroughly  spra^^ed.  In 
addition  to  the  work  outlined  the  effect  of  the  stronger  sprays  (1  ounce 
to  9.5  gallons)  on  the  foliage  of  a  few  delicate  plants  was  tested. 

The  sprays  without  the  addition  of  lime  were  applied  on  July  10, 
1903.  Evaporation  was  so  rapid  that  the  foliage  was  dry  a  few 
moments  after  being  sprayed.  On  July  11  the  conditions  were  similar, 
and  samples  Nos.  1  to  3,  with  15.5  gallons  of  water  and  2  ounces  of 
lime,  were  applied.  The  remainder  of  the  samples  of  that  set,  Nos. 
4  to  6,  with  15.5  gallons  of  water  and  2  ounces  of  lime,  and  Nos.  1  to  6, 
with  9.5  gallons  of  water  and  2  ounces  of  lime,  were  applied  on  July  17. 

In  the  meantime,  i.  e.,  from  July  10  to  July  17,  the  weather  had 
remained  clear  and  bright.  A  critical  examination,  made  on  the  latter 
date,  of  the  trees  sprayed  on  July  10  and  11  showed  that  none  of  them 
was  injured. 

On  Jul}'  21  and  23  there  were  slight  showers,  and  cloud}"  weather 
continued  throughout  the  week.  Thorough  examinations  were  made 
on  July  23,  August  3,  and  December  1,  the  results  of  which  are  given 
in  the  tabular  statements  which  follow.  A  table  is  also  given  show- 
ing the  meteorological  conditions  which  obtained  for  a  number  of 
days  following  the  application  of  the  sprays. 
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MetroToloQicdi  nytuUiioiiR  at  Con^allist^  (heg. 


Dat«. 


1908. 
Jnly  10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Tcmpcjm-  1 
tiire.       I     pre- 

c.iplta- 

tioii. 


;  Max. 


86 
70 
74 
70 
77 
86 
81 
82 
75 
81 
86 


Min.  I 


OF. 

48 
51 
47 
52 
47 
48 
50 
47 
48 
50 
50 


hieh. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


('haracter  of 
day. 


Clear. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.    • 


1903. 
July  21 
22 
23 
24 
25 
26 
27 
28 
29 
SO 
31 


Tempera-  i 

ture.       I  Pre-    '     «^ 

1  tion.  j       *^y- 

Max.  Mln.  I  I 


op,    I    Of^ 

70  I  50 
ri  I  47 
52 


Inch. 
0.04 

1 
Cloudy. 

.00 

Do. 

.05 

Do. 

.00 

Do. 

.00 

Partly  cloudy. 

.00 

Do. 

.00 

aear. 

.00 

Do. 

.00 

Partly  cloudy. 

.00 

Clear. 

.00 

Do. 

OBSEBVATIONS. 


tablb  I.— apples  without  lime. 

[1  ounce  to  9.5  gallouB.] 


Sam- 

Variety. 

Injury. 
August  3. 

July  23. 

December  1. 

[Mackintosh 

None 

None 

do 

But  few  leaves  fallen. 

1 

<  Carolina  June 

do 

Do. 

tTuft's  Baldwin 

.  ...do 

do 

DO 

jBenonl 

do 

do 

Do. 

2 

jcrab. 

[Spitzcnberg 

do 



do 

completely  defoliated. 
No  leaves  fallen. 

do 

do 

f do 

do .         

..  do 

Few  leaves  fallen 

3 

1 do 

do 

do 

Do. 

[spokanc  Beauty 

do 

do 

Do. 

do 

..  ..do.. 

do 

Do 

4 

do 

Few  leaves  spotted . . . 

None 

do 

No  increase  of  spots  . . 
None 

Nearly  defoliated. 
Completely  defoliated. 
Tlalf  of  leaves  fallen. 

f 

5 

< Yellow  Transparent.. 

do 

[(} rimes'  Golden . . 

do    .     .  . 

do 

No  increase  of  «i)ots . . 
No  increase  of  injury. 

..do 

Completely  defoliated. 
Almost  defoliated. 
Half  of  leavefl  fallen 

Hyde's  King  of  West. 
Langford 

Few  leaves  sj)otted. . . 
Few    leaves   spotted 

and  few  killed. 
do    . 

6 

Yakama 

Few  leavers  fallen. 

Yellow  Newton  Pip- 
pin. 

do 

do 

Completely  defoliate<l. 
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OhservatioHH — Continued . 

APPLES.  WITH  LIME. 

Sam-, 
pic  1 
No.  1 

Variety. 

July  28. 

Injury, 

AugUHt  3. 

December  1. 

[Rome  Beauty 

None 

.  .  .do      

None 

But  few  leaves  fallen. 

1 

....do 

do 

Do. 

do 

do do 

Half  of  leaves  fallen. 

-   1 

f do 

do do 

Completely  defoliated. 
But  few  leaveH  fallen. 

Waxen 

do do 

2 

do 

do      . 

do 

Nine-tenths  of    leaves 

f do 

do 

do 

fallen. 
Do. 

3 

do 

do -do..    .    .   .    

Do. 

1 

f do 

do 

.  ...do.    . 

Three-fourths  of  leaves 

.! 

do 

do 

do 

fallen. 
Do. 

do 

do 

do 

Seven-eighths  of  leaves 

fallen. 
Few  leaves  fallen. 

r do 

do 

f do 

do 

do 

5  ' 

do   

do 

Throe-fourths  of  leaves 

do 

do 

fallen. 
Seven-eighths  of  leaves 

6  1 

do 

• 

Few  leaves   alightly 
spotted,  and  a  few 
more  killed. 

No  increase  of  Injury. 

fallen. 
Do. 

Tablk  II.— pears,  WITHOUT  LIME. 
[1  ounce  to  9.6  gallons.] 


1 

JDirecteur  Alphando.. 
(colonel  Wilder 

None 

None 

Completely  defoliated. 

do 

do 

But  few  loaves  fallen. 

2 

do 

do 

Completely  defoliated. 

3 

Bartlett 

do 

do 

'  Few  leaves  fallen. 

4 

Patrick  Barry 

do 

do 

Do. 

do 

1 do 

Do. 

fliCaves    slightly    In-  1 

^^'jWinter  Bartlett I     jured    al>out   mar-    L^  j^^^^^,  ^„„j„^y 

jlPamo 1 1    gins  of  holes  eaten    [ 


6     Oenesta I  None 


by  slugs. 


None  - 


PEARS,  WITH   LIME. 


Completely  defoliated. 


Do. 


1     Cockling I  None  . 


iBuflfum. 
....do.. 


5     Genesta  . 
...do... 


[Assumption  . 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 


None  . 


.do. 
.do. 
.do. 
.do. 
.do. 

.do. 


Tree  dead  from  other 

causes. 
Completely  defoliated. 

Do. 
But  few  leaves  fallen. 

Do. 
Seven-eighths  of  leaves 

fallen. 
Completely  defoliated. 
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Obsen^ations — Continued. 

Tablk  III.— PLtTMS,a  WITHOUT  LIMCb 
[1  <nmoe  to  9.6  gallonR.] 


Sam- 

Si" 

Variety. 

July  23. 

Injury. 
August  3. 

December  1. 

1 

None 

None 

Completely  defoliated. 
Do. 

f.:::::::::::::::::::::: 

do 

do 

8 

do 

do 

Do. 

do 

do 

Do. 

,  ' 

do 

do-. 

Do. 

4 

• 

do.* 

do 

Do. 

5 

do 

do 

Do. 

6 

Herefordshire 

.  ...do   

do 

No  record. 

a  These  trees  were  all  prune-bearing  plum  trees,  and  were  reported  under  the  former  designation: 
but  the  term  "  plum  "  is  here  used  to  bring  them  into  comparison  with  the  other  plum  trees  used  in 
the  experiment. 

6For  the  report  on  plums  sprayed  with  the  addition  of  lime  see  text  at  close  of  tables,  page  29. 


tablb  IV.— peaches,  without  lime. 

[1  ounce  to  15.5  gallons.] 


Sam- 

Variety. 

m     Injury. 

July  23. 

August  3. 

December  1. 

1 

Old  Mixon 

None 

None 

Three-fourths  of  leaves 

fallen. 

? 

do 

Slightly  injured 

No  increase  of  injury. 

One-fourth  of  leaves  fal- 

len. 

8 

do 

do 

do 

One-half  of  leaves  fal- 

4 

do 

Considerably  spotted. 

One-fourth  of  leaves 
fallen;  the  rest  in- 
jured. 

len. 

1- 

6 

Mont  Rose 

do 

....do 

Do. 

f....do 

Badly  injured 

One-half     of    leaves 

G 

fallen;  the  rest  in- 

jured. 

....do 

do 

f\n 

Do. 

PEACHES.  WI 

TH  LIME. 

fl^wis's  Seedling 

None 

None 

Three-fourths  of  leaves 

fallen. 

1 

Imperial 

Badly  injured 

One -half   of    leaves 

One-fourth    of    leaves 

fallen. 

fallen. 

[....do 

Slightly  injured 

do 

No  lncrea.se  of  injur}'. 
do 

Do. 

2 

....do 

Do. 

Mum^  .-,.-,... 

Very  slightly  injured. 
do 

.     .  do 

Do. 

3 

....do 

do 

Do. 

Alexander  

None 

None 

Seven-eighths  of  leaves 
fallen. 

4 

do 

do 

Three-fourths  of  leaves 

fallen. 

do 

do 

Do. 

6 

Willett 

OldMlxon 

do 

.do. 

Do. 

6 

do 

.     .do 

No  record. 
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Observalimis — Continued. 

TABLE  v.— PLUMS,  WITHOUT  LIME. 
[1  ounce  to  15.5  gallons.] 


Sam- 
No. 

Variety. 

Injury. 
August  3. 

July  23. 

December  1. 

rimperial  Epineuse  . . . 
....do 

None 

None 

Almost  entirely  deloli- 

1 

do 

..do         

ated. 
Do. 

j....do 

do 

...do 

Do. 

2 

....do 

do 

do... 

Do. 

r.  ..do 

do 

do         

Do. 

S 

WillHin<'tt«»        

do 

do 

Do. 

f....do 

do 

do 

Do. 

4 

....do 

do 

do 

Completely  defoliated. 
Almost  entirely  defoli- 

r     .do 

do 

.do             ... 

5 

• 

[....do 

do 

do 

ated. 
Completely  defoliated. 
Do. 

j....do 

do 

do 

6 

(Robe  de  Sargent  .... 

.  ..do 

...    do 

Do. 

Plums  (wrni  limk). 

Only  three  trees  were  s[)rayed  with  the  sohitions  made  up  with  9.5 
gallons  of  water,  Nos.  2,  3,"  and  4  being  used.  No  effects  from  the 
sprays  were  to  be  observed  on  cither  July  28  or  August  3.  On 
December  1  tlie  lirst  two  were  entirely  defoliated,  while  the  tree 
treated  with  No.  tt  liad  only  lost  a  few  leaves. 

A  number  of  varieties  were  spmyed  with  the  solutions  Nos.  1  to  6, 
made  up  with  15.5  gallons  of  water  to  an  ounce  of  the  green.  None 
of  the  trees  showed  any  injury  on  either  July  23  or  August  3,  but  on 
December  1  all  w^ere  either  completely,  or  almost  completely,  defoli 
ated.  A  Reine  Claude  plum  tree  sprayed  with  No.  1  and  a  Green 
Gage  sprayed  with  No.  3  were  among  this  group,  with  results  as  stated. 

DISCUSSION. 

The  observations  made  on  December  1  were  for  the  purpose  of  find- 
ing out  whether  the  sprayed  trees  dropped  their  leaves  earlier  in  the 
fall  than  those  not  sprayed,  and  whether  this  premature  falling,  if  it 
existed,  had  any  relation  to  the  amount  of  soluble  arsenious  oxid  used 
on  the  tree.  The  time  at  which  the  leaves  fall  ordinarily  varies  greatly 
with  the  season  and  the  variety  of  the  tree.  The  college  orchard  con- 
sists of  two  or  three  trees  each  of  quite  a  number  of  varieties,  and 
when  they  were  examined,  on  December  1,  there  wai«  not  only  a  sur- 
prising degree  of  variation  in  the  condition  of  the  foliage  of  the  differ 
ent  varieties  but  also  a  great  difference  between  the  several  trce«  of 
the  same  variety.  Two  apple  trees  (Waxen)  standing  side  by  i^\(\^ 
were  sprayed  with  No.  2  plus  lime.     On  December  1  only  a  few  le^vod 

a  A  cherry  tree  sprayed  with  No.  3  without  the  addition  of  lime  showed  no 
on  July  23  and  August  3,  and  on  December  1  it  was  entirely  defoliated. 
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had  fallen  from  one  of  the  trees  while  on  the  other  not  over  10  per 
cent  remained.  Likewise  two  trees  of  the  same  variety,  standing  aide 
by  side  in  the  same  row,  were  sprayed  with  No.  6  plus  lime.  When 
examined  three-fourths,  of  the  leaves  had  fallen  from  one  and  only  a 
few  from  the  other.  Thus  the  examination  of  the  orchard  failed  to 
show  that  the  spray  had  any  effect  whatever  upon  the  falling  of  the 
foliage.  The  tabulated  data,  however,  seem  to  indicate  that  a  some- 
what larger  proportion  of  leaves  had  fallen  b}'  December  1  from  trees 
sprayed  with  Nos.  5  and  6  than  from  those  treated  with  Nos.  1,  2,  3, 
and  4.  Whether  this  was  due  to  the  sprays  or  to  mere  chance  in  the 
selection  of  the  trees,  it  is  impossible  to  say.  Little  effect  if  any  was 
produced  on  the  apple,  pear,  and  plum  trees. 

As  to  the  effecrts  of  the  various  strengths  of  soluble  arsenious  oxid 
the  results  of  this  set  of  experiments  alone  seem  to  show  that  under 
favorable  conditions,  such  as  prevailed  at  the  time  the  spraying  was 
done  and  during  the  following  30  days,  it  is  safe  to  spray  apple,  pear, 
and  plum  trees  with  any  of  the  6  samples,  both  with  and  without  the 
addition  of  lime.  None  of  the  samples  injured  an}^  of  the  varieties  of 
these  fruits  suflSciently  for  the  damage  to  be  considered  of  practical 
importance  in  orchard  work.  It  may  be  noted,  however,  that  the 
work  was  done  under  peculiarly  favorable  conditions.  Probably  not 
over  15  minutes  elapsed  in  any  case  from  the  time  the  poison  was  first 
mixed  in  the  water  to  the  time  it  was  sprayed  on  the  trees,  giving  but 
a  short  time  for  the  arsenious  oxid  to  enter  into  solution,  and  the 
weather  conditions  were  such  that  after  being  sprayed  on  the  trees 
the  moisture  evaporated  very  rapidly.  Under  i^ractical  orchard  con- 
ditions it  would  probably  be  safer  not  to  use  Nos.  5  and  6  on  apple, 
plum,  \>r  pear  trees  without  the  addition  of  lime. 

No  conclusions  can  be  drawn  from  this  series  of  experiments  as  to 
the  peach  trees,  as  these  trees  in  the  college  orchard  are  growing  on 
soil  entirely  unsuited  to  them.  The  trees  are  not  thrifty,  some  of 
them  are  nearly  dead,  and  it  is  believed  that  the  resistance  of  the  foli- 
age of  the  various  trees  to  the  action  of  the  soluble  arsenic  varies 
greatly. 

STJMMAEY. 

The  following  table  shows  the  maximum  amount  of  soluble  arseni- 
ous oxid  in  Paris  Green  which  can  be  safely  used  on  the  varieties  of 
fruit  trees  included  in  these  experiments.  It  must  be  remembered 
when  8  per  cent  is  given  as  the  maximum  tliat  this  was  the  strongest 
solution  used,  and  had  stronger  ones  been  employed  they  might  have 
been  found  safe  also  for  such  trees  as  endured  the  8  per  cent  solution 
of  soluble  arsenious  oxid,  and  these  cases  are  therefore  marked  "8  +." 
If  even  the  smallest  amount  of  soluble  arsenious  oxid  was  found  to  be 
injurious  the  word  ''inapplicable'"  is  used,  since  the  sample  mai*ked 
No.  1  is  as  pure  a  Paris  Green  as  can  be  obtained  on  the  market. 
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Amounta  of  soluble  arsenions  oxid  alhwable  in  Paris  Green, 
[Samples  analyzed  by  ten-day  water-extraction  method.] 
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Apple. 

Pear. 

Peach. 

Plum. 

Place  of  experiment. 

Without 
lime. 

Wlth 
lime. 

Without 
lime. 

With 
lime. 

Without 
lime. 

With 
lime. 

Without 
lime. 

With 
lime. 

WaHhington,D.C 

College  Park,  Md 

Per  cent. 

8+ 

84- 

4 

6 

4 

4 

8+ 

Perct. 

8+ 

8-1- 

6 

84- 

Percent. 

8+ 

84- 
3 
«  84- 

Perct. 

84- 

84- 

5 

84- 

Pcrcait, 
Inappli- 
cable. 

....do... 

....do... 

....do... 

Percent. 
6 

5 
4 
6 

Percent. 

Perd. 

4 
8 

5 

Ithaca,N.Y 

6 

Kingston,  R.  I 

Pnrbam,  N.  H 

7 
6 

84- 

4 

5-6 

Clemaon  College,  8.  C 

CorvalliH,  Oreg 



Inappli- 
cable. 

Inappli- 
cable. 

4 

84- 

84- 

8  f 

84- 

A  study  of  the  weather  charts  for  the  various  stations  shows  that 
the  following  periods  elapsed  between  the  dates  of  spraying  and  the 
first  minfall:  Washington,  D.  C,  about  10  days;  College  Park,  Md., 
about  12  days;  Ithaca,  N.  Y.,  about  3  days  before  a  very  light  i*ain 
and  then  13  days  before  the  next  rainfall;  Kingston,  R.  I.,  about  6 
days  and  then  7  more  before  another  rain;  Clemson  College,  S.  C, 
10  days,  followed  by  a  very  light  rainfall  and  a  long  dry  term.  It  is 
thus  seen  that  in  nearly  all  cases  the  weather  conditions  were  almost 
ideal,  if  the  word  may  so  be  used,  for  producing  the  maximum  damage 
from  the  sprays.  During  the  rather  long  dry  period  after  spraying, 
when  only  light  rains  fell,  if  any,  the  dew  and  carbon  dioxid  of  the  air 
acted  upon  the  Paris  Greens,  causing  them  to  decompose  and  set  free 
the  arsenious  oxid,  so  that  when  rain  finally  came  a  large  amount  of  sol- 
uble arsenious  oxid  was  present,  which  the  leaves  absorbed  and  thus 
caused  burning.  These  conditions  were  especially  striking  at  Clemson 
College,  where  no  rain  fell  for  10  days,  after  which  just  about  enough 
rain  fell  for  3  days  to  dissolve  the  soluble  arsenious  oxid  and  yet  not 
wash  it  off.  Another  dry  period  followed,  terminated  by  rains,  which 
caused  the  soluble  arsenious  oxid  to  burn  the  foliage. 

Taking  the  weather  conditions  into  considei'ation,  and  judging  the 
results  in  a  very  conservative  manner,  it  would  appear  from  the 
figures  given  in  the  table  that  the  following  conclusions  may  be  drawn: 

(1)  For  apple  trees  sprayed  without  the  use  of  lime  the  amount  of 
soluble  arsenious  oxid'*  allowable  lies  between  4  and  8+  per  cent,  a 
fair  average  being  6  per  cent. 

(2)  For  apple  trees  spmyed  with  the  use  of  lime  the  amount  of  solu- 
ble arsenious  oxid  allowable  is  between  6  and  8+  per  cent,  a  fair 
average  being  7  per  cent. 

(3)  For  pear  trees  sprayed  without  the  use  of  lime  the  amount  of 

"  By  soluble  arsenious  oxid  is  meant  the  amount  extracted  from  1  part  of  ^ai^*. 
Green  by  1,000  parts  of  carbon  dioxid-free  water  during  the  course  of  10  days. 
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soluble  arsenious  oxid  allowable  is  between  3  and  8+  per  cent,  a  fair 
average  being  6  per  cent. 

(4)  For  pear  trees  sprayed  with  the  use  of  lime  the  amount  of  solu- 
ble arsenious  oxid  allowable  is  between  6  and  8+  per  cent,  a  fair 
average  being  7  per  cent. 

(5)  For  plum  trees  sprayed  without  the  use  of  lime  the  amount  of 
soluble  arsenious  oxid  allowable  is  between  3  and  8+  per  cent,  a  fair 
average  being  about  4  per  cent. 

(6)  For  plum  trees  sprayed  with  the  use  of  lime  the  amount  of  solu- 
ble arsenious  oxid  allowable  is  between  4  and  8+  per  cent,  a  fair  aver- 
age being  from  5  to  6  per  cent. 

(7)  In  spraying  peach  trees  none  of  the  Paris  Greens  bought  upon 
our  market  should  be  used  without  the  addition  of  lime. 

(8)  For  peach  trees  sprayed  with  the  use  of  lime  the  amount  of  solu- 
ble arsenious  oxid  allowable  lies  between  3  and  6  per  cent,  a  fair  aver- 
age being  4.5  per  cent. 

(9)  The  difference  in  the  effect  produced  by  Paris  Greens  used  with 
and  without  the  addition  of  lime  is  so  great  that  lime  should  alw^ays  be 
employed. 

For  ready  reference  these  conclusions  are  also  embodied  in  the 
following  table: 

Maximum  and  average  amounts  of  soluble  arsenious  oxid  allowable. 

Apple. 
Without  lime.     I        With  lime. 


Limits.    Average. 

Per  ceiU.    Per  cent 
4-8+  6 


Limits. 

Percent. 

6-8+ 


Average. 

Per  cent. 
7 


Peach. 


Without  lime.  With  lime. 

Limits.  'Average.!   Limits.  |  Average. 


Per  cent. 
0-0 


I\r  cent. 
0 


Per  cent. 
3-« 


J*er  cent.  ^ 
4.5    I 


Pear. 

Without  lime. 

with  lime. 

Limits. 

Average. 

Limits. 

Average. 

Percent. 

3^+ 

i¥r  cent.  \  Per  cent. 
6    1      &-8+ 

PereenL 
7 

Plum. 

Withoi 
Limits. 

Percent. 

It  lime. 
Average. 

With 
Limits. 

lime. 
Average. 

Jir  cent. 
4 

PercefU. 

4-8  + 

Percent 
6 

It  is  evident  that  the  amount  of  soluble  arsenious  oxid  allowable  in 
a  Paris  Green  depends  largely  on  the  kind  of  fruit  tree  that  is  to  be 
sprayed.  The  author  is  of  the  opinion  that  State  chemists  should  not 
select  any  fixed  standard  by  which  to  judge  all  Paris  Greens  sent  in 
by  the  farmer,  but  should  find  out  for  what  purpose  the  green  is  to 
be  used  and  base  his  decision  on  the  resisting  power  of  the  kind  of 
tree  to  be  sprayed.  It  would  perhaps  be  advisable  to  have  a  printed 
form  giving  the  names  of  the  various  common  fruit  trees  and  to  state 
after  each  whether  or  not  the  sample  sent  could  be  used  upon  it, 


O 


Digitized  by 


Google      ^ 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


DO  NOT  CIRCULATE 


Digitized  by 


Google 


IVIAY  13  1905 


3001506704  6678 


\ 


Digitized  by 


Google 


Digitized  by 


Google 


